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NUTRITION SURVEY OF AMERICAN TROOPS IN THE PACIFIC 


The recent war was notable for the 
variety of “observers” whose duties included 
studies of some of the complicated interrela- 
tionships of the soldier and his environment, 
and the role of nutrition in the general pic- 
ture. Newly developed methods of evalu- 
ating the state of nutrition, physical fitness, 
and contents and levels of vitamins and 
minerals, were studied in relation to the 
background of the operational effectiveness 
of troops. Some of the reports of studies 
carried out in the field by American and 
Canadian teams are available now that 
wartime restrictions have been eased. 

W. B. Bean, R. E. Johnson, C. R. Hender- 
son, and L. M. Richardson (Bull. U. S. 
Army Med. Dept. 5, 697 (1946)) have re- 
ported on a nutrition survey of U. S. Army 
garrison and combat troops made on various 
Pacific islands during the spring and early 
summer of 1945. Since it was impossible 
to carry equipment for a large scale survey 
and since the available time was limited, an 
intensive study was made on representative 
samples of about 50 subjects from the island 
garrisons on Hawaii, Guadalcanal, Guam, 
and Iwo Jima, minor casualties evacuated 
from Okinawa, and an infantry division in 
the line on Luzon. Observations were made 
on feeding policies and practices, and on each 
subject, recent dietary history, medical 
history, physical examination including 
height and weight, biochemical tests to de- 
termine fasting urinary acetone bodies, 
chloride, ascorbic acid, thiamine, and ribo- 
flavin; and serum protein and hemoglobin 
using the methods already discussed in this 
journal (Nutrition Reviews 3, 336 (1946)). 
The Harvard Fatigue Laboratory step test 
was used to help evaluate physical fitness of 
all but hospitalized subjects. Thus an 
effort was made to collect quantitative data 


257 


on a number of aspects of nutrition and op- 
erational fitness. These were compared 
with those obtained in a study carried out 
the year before by members of the same 
team and others on similar troops in the 
United States (W. B. Bean et al., Armored 
Medical Research Laboratory Report on Test 
of Acceptalility and Adequacy of U.S. Army 
C, K, 10-in-1, and Canadian Army Mess Tin 
Rations, November 22, 1944). The one 
feature missing was a comparable study on 
troops in earlier days of the war when nutri- 
tion may have been much less satisfactory 
owing to more tenuous supply lines, unac- 
ceptable ration components, and the terrors 
of the unfamiliar tropical and jungle warfare. 

The quartermaster aspects of rations 
everywhere showed signs of improvement 
over earlier conditions with supplements of 
fresh and frozen foods, meats, eggs, butter, 
and some fruits and vegetables brought by 
refrigerator ships to supplement the pro- 
cessed foods of the B ration issued to all 
garrison troops. Island farms contributed 
some fresh foods. All islands maintained 
strategic reserves of special packaged rations 
in addition to the prescribed reserve of B 
ration. Some of the reserves were packed 
three or four years previously, including 
large stacks of biscuits, canned meats, de- 
hydrated soups, beets, and carrots. Bak- 
eries made excellent bread which was always 
highly acceptable. Ice and ice cream were 
in great demand. It was noted that where 
ice and sugar were ample the lemon powder 
containing large quantities of ascorbic acid 
was well received. Most of the individual 
items were highly acceptable with fresh and 
frozen foods at the top of the list, and de- 
hydrated soups, beets, and carrots, corned 
beef stews, and biscuits at the bottom. The 
acceptability of the individual packaged ex- 
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peditionary force rations invariably placed 
the new C ration first, followed in order by 
the 10-in-1, K, old C, and D rations. 

Analysis of the nutrient intake of protein, 
iron, vitamin A, and niacin was on the av- 
erage at least as high as originally recom- 
mended by the National Research Council. 
Calcium was about 15 per cent lower than 
recommended allowances. Thiamine intake 
on Guam and Luzon was 20 per cent above, 
on Guadalcanal 6 per cent below N. R. C. 
figures. Riboflavin ranged from 5 per cent 
above on Luzon to 14 per cent below on Iwo 
Jima. Ascorbic acid was 40 per cent above 
on Guam, but 45 per cent below on Guadal- 
canal owing to temporary shortages of fresh 
vegetables, fresh and canned fruits. There 
was striking correlation between the average 
intake cf ascorbic acid, thiamine, and ribo- 
flavin and the average fasting urinary out- 
put. As in the usual distribution curves of 
all “normal” troops studied to date a few 
persons were found whose intake of certain 
focds was not satisfactory as a result of 
inadequate or unattractive food preparation, 
basic inacceptability, or personal dietary 
habits. The influence of good food on 
morale was everywhere evident and had been 
even more apparent to those who, having 
endured the earlier days of privation, 
witnessed the striking improvements as the 
supply situation improved. 

The medical history did not disclose any 
examples of classic avitaminosis. Gastro- 
intestinal upsets, mild neurocirculatory com- 
plaints, easy fatigability, various emotional 
disturbances, and intolerance to heat had oc- 
curred in about one tenth of the subjects. 
The relation of these symptoms to malnutri- 
tion has not been established with precision, 
but in the subjects studied such findings were 
as common in those with the best food in- 
takes as in those whose intake was unsatis- 
factory in one or more respects. 

Physical examination also revealed no 
instance of typical deficiency disease. As in 
any large sample of troops a few subjects had 
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one or more physical findings which have 
been attributed to specific dietary inade- 
quacies. Though no diagnostic lesions of 
scurvy were found in the troops on Guadal- 
cana] where ascorbic acid intake and urinary 
excretion were lower than standard in 45 per 
cent of subjects, there were three instances of 
swelling of the interdental papillae and an 
instance of inflammation of the gingival 
margin, while neither condition was found 
on Guam. Though many troops were con- 
vinced that they had lost weight, the average 
weight for height was the same as in the nor- 
mal infantry troops tested in the United 
States, except on Iwo Jima where the aver- 
age was approximately 5 pounds lighter and 
on Luzon where it was 10 pounds lighter. It 
was observed that many troops estimated 
their weight as 5 to 10 per cent less than was 
demonstrated on the scales which emphasizes 
the necessity for objective data in matters of 
weight where exaggeration in one direction 
or the other is commonplace. 

Physical fitness tests, though beset with 
many limitations, were considered to have 
practical utility in a survey of this type. 
Whereas a good score indicates a satisfactory 
state of fitness for the type of exercise em- 
ployed, a poor score may indicate poor moti- 
vation, poor physiologic state, or poor 
physique. The average score in the physical 
fitness test was lower on Hawaii and Guadal- 
canal than among trained infantry troops in 
the zone of the interior, as good on Guam and 
Iwo Jima as in the zone of the interior, and 
consistently better in the 38th Division on 
Luzon. Poor scores in the physical fitness 
test were not positively correlated with clini- 
cal or biochemical abnormalities. 

As judged by blood and urine studies the 
biochemical status on the average was satis- 
factory with respect to water, salt, calories, 
iron, protein, ascorbic acid, thiamine, and 
riboflavin. On Guadalcanal urinary ascor- 
bic acid excretion was substandard in 45 per 
cent and on Luzon in 4 per cent. As in the 
previous study (Bean, loc. ct!.) of well fed 
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troops in the zone of the interior, lcw values 
for riboflavin and thiamine excretion were 
found in a small percentage of the groups. 

It was ccncluded that the general state of 
nutrition of trcops in various Pacific islands 
during the last year of the war was good. 
The cccasicnal abnormality was similar to 
those found in normal troops in training in 
the United States. There was a clear 
demonstration that the acceptability of 
foods, a factor neglected until surprisingly 
late in the war, was a factor of great impor- 
tance in nutrition. Although dehydrated 
foods improved during the war most early 
experiences fixed an aversion to them which 
was never broken down. Their one success- 
ful use was in salt shakers to reduce the tropi- 
cal moisture. Fresh bread was always pre- 
ferred to crackers and biscuits, and milk, ice 
cream, and ice for beverages were morale 
builders of first rank. Skill in the prepara- 
tion of food was as important as the food it- 
self in promoting acceptability. 

Another notable contribution of this sur- 
vey was to dispel the idea of (1) acute tropi- 
cal deterioration, and (2) that there is a 
special food requirement peculiar to the 
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tropics. American troops with the highly 
effective protection of Army preventive 
medicine fought winning campaigns on the 
same food as those at home and those in 
Europe. 

Finally this survey demonstrated that a 
small team of properly trained observers 
could get precise quantitative data on the 
nutrition of soldiers in island garrisons and 
just out of combat. The experience of sev- 
eral Army and civilian groups, gained under 
the impetus of war, developed in ration tests 
in conjunction with Army training programs, 
was finally justified by its application in 
theaters of operations. Certain fruits of this 
experience may be applied to the problems of 
civil populations and the methods them- 
selves should be perfected by further work. 
Unless there is a program of continual testing 
the Army may again find itself in the unen- 
viable situation of not realizing the basic fact 
that it is better to have an imperfect ration 
which is eaten than a theoretically perfect 
one which is not eaten, or used only in part. 

W. B. Bean, M.D., 
Cincinnati General Hospital, 
Cincinnati, Ohio. 


PRESENT KNOWLEDGE OF ASCORBIC ACID (VITAMIN C) IN NUTRITION 


The isolation and identification of ascorbic 
acid and its synthetic production on a large 
scale during the years 1932 to 1935 intro- 
duced a period of dramatic progress in the 
field of nutrition: a period in which most of 
our knowledge of the identity, chemistry, 
and physiology of the vitamins was devel- 
oped and the science of nutrition grew to 
take a foremost position among those sci- 
ences which contribute directly to the wel- 
fare and health of man. 

In structure, ascorbic acid closely resem- 
bles the monosaccharide sugars (glucose, 
fructose, etc.). Its structure is, however, 
modified to contain a dienol and an acid lac- 
tone group. The substance is highly soluble 


in water and has an acid taste. The strong 
reducing action imparted by the dienol group 
is its most striking chemical characteristic. 

Since ascorbic acid is the only substance in 
most plant and animal tissues which displays 
this reducing property in acid solutions, this 
capacity serves as the basis for a number 
of simple analytical methods. The most 
Widely used method depends upon the quan- 
titative reduction of standard solutions of 
2,6-dichlorophenol indophenol to its color- 
less leuco base. Measurement of the amount 
of reagent reduced can be made either with a 
burette or by use of spectrophotometric 
methods (Nutrition Reviews 3, 16, 336 
(1945)). J. H. Roe (Ibid. 1, 262 (1943)) has 
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introduced another useful method which de- 
pends upon the color developed when 
dinitrophenylhydrazine reacts with appro- 
priate ascorbic acid extracts. The extracts 
are first treated to form dehydroascorbic 
acid, the reversibly oxidized form of the 
vitamin. 

Both of the above methods have been used 
widely for food and tissue analyses. Satis- 
factory procedures for blood and other body 
fluids are also available. One procedure re- 
quires but 0.01 ml. of serum and is thus espe- 
cially useful for dietary survey purposes 
(Nutrition Reviews 3, 336 (1945)). 

Although the above analytical methods 
are satisfactory for most plant and animal 
tissues, some products, particularly those 
which contain starches or sugars and which 
have been heated in acid or alkaline condi- 
tions, may develop interfering substances. 
Some of these interfering substances (reduc- 
tones, reductic acid, ete.) contain the same 
dieno] reducing group as ascorbic acid, but 
they are, of course, not biologically active. 
This poses a difficult analytical problem. 
Partial success in overcoming this limitation 
has come from the observation that ascorbic 
acid and the interfering dienols titrate differ- 
ently in the presence of strong hydrochloric 
acid or in formaldehyde (Nutrition Reviews 2, 
58 (1944)). However, a more _ specific 
method for ascorbic acid remains an impor- 
tant need in food technology, particularly in 
work with dehydrated foods. 

Methods for dehydroascorbic acid are 
available but, unfortunately they are of 
limited application. 

Due to early development of practical 
analytical methods, the knowledge of the dis- 
tribution of ascorbic acid in food sources is 
more complete than that of any of the other 
vitamins. Hundreds of foods from all sec- 
tions of the world have been analyzed and 
the results reported in the literature (Nutri- 
tion Reviews 1, 14, 16 (1942);1, 115, 320, 341, 
384, (1943); 2, 12, 253, 287 (1944)). Citrus 
fruits, berries, melons, tomatoes, green pep- 
pers, raw cabbage, and salad greens are rich 


NUTRITION REVIEWS 


[September 


sources of ascorbic acid. Fresh leafy green 
vegetables are good sources though consider- 
able losses are incurred by most methods of 
cookery. Potatoes are an important source 
because of the high level of consumption 
among low economic groups. Most fresh 
plant foods contain some ascorbic acid. 
Despite its wide distribution in these com- 
mon foodstuffs and in other leaves and fruits, 
people in many parts of the world continue 
to be in need of ascorbic acid (Ibid. 1, 53 
(1942); 1, 246, 319 (1943); 2, 287 (1944); 8, 
192, 256 (1945)). 

Ascorbic acid is more subject to loss during 
storage and processing than any of the other 
nutritive essentials. In general, the greater 
the exposure to heat and air the more rapid 
the loss. Traces of copper and other metals 
accelerate this destruction. Many fresh 
foods when crushed release enzymes which 
accelerate the oxidation of ascorbic acid. 
Acid conditions are stabilizing. In recent 
years extensive information has become 
available on cooking losses when foods con- 
taining ascorbic acid are prepared by various 
methods (Nutrition Reviews 1, 56 (1942); 1, 
69 (1943); 2, 8, 72, 78 (1944); 3, 351 (1945)). 
Improvements in commercial practices and 
processes made possible by practical analyti- 
cal procedures have led to products of higher 
ascorbic acid content (Ibid. 2, 306 (1944); 3, 
91 (1945)). Suggestions have also been made 
that ascorbic acid might be added to certain 
foodstuffs to improve and standardize their 
ascorbic acid content. 

The ascorbic acid content of fruits and 
vegetables has been shown to vary tre- 
mendously with variety, climate, soil, and 
maturity. Such knowledge is leading to the 
selection of varieties and conditions best 
suited to produce an improved food supply 
(Nutrition Reviews 2, 175, 271 (1944); 3, 216, 
246 (1946)). 

Tissues and body fluids contain varying 
amounts of ascorbic acid depending upon the 
the type of tissue or fluid and the recent 
dietary intake. In general, tissues of the 
highest metabolic activity (muscle excepted) 
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have the highest concentrations of ascorbic 
acid. The levels of ascorbic acid in plasma 
or serum from fasting individuals recently 
receiving liberal intakes of ascorbic acid (75 
to 100 mg.) will fall in the range 1.0 to 1.4 
mg. per 100 ml. Those receiving 15 to 25 
mg. will have values of 0.1 to 0.3 mg. per 
100 ml. In general, intermediate serum 
values result from corresponding interme- 
diate intakes. Serum analyses have been 
used widely to determine the relatively re- 
cent intake of ascorbic acid (nutritional 
status). This procedure seems reasonably 
accurate for this purpose when applied on a 
statistical basis to groups. However, since 
infection, other pathologic conditions, and 
certain unknown factors may also influence 
serum ascorbic acid levels, single determina- 
tions on individuals must be interpreted with 
caution. Serum levels near zero are con- 
sistent with but not indicative of scurvy. 
White blood cell values (normally 20 to 30 
mg. per 100 ml.) near zero are a more certain 
indication that scurvy will develop, pro- 
vided, of course, sufficient time has elapsed 
for the development of lesions. Increasing 
amounts of ascorbic acid are excreted in the 
urine with increasing intakes or serum levels. 
An abrupt increase in the percentage excre- 
tion occurs at serum levels of 1.0 to 1.2 mg. 
per 100 ml. (kidney threshold). Body 
tissues are also at a “maximum”? stable con- 
centration (‘‘saturation’’) under these condi- 
tions. Methods for estimating require- 
ments, total body deficit below maximum 
contents, etc. have been based on these 
physiologic facts (Nutrition Reviews 1, 142 
(1948)). 

In the absence of satisfactory methods for 
determining more accurately the optimal re- 
quirements, the Food and Nutrition Board 
of the National Research Council (National 
Research Council Reprint and Circular Series 
no. 122, August (1945); Nutrition Reviews 3, 
287 (1945)) has recommended an intake of 
ascorbic acid of 75 mg. daily for adults, 
100 to 150 mg. daily during pregnancy and 
lactation, and 30 to 75 mg. for children up to 
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12 years of age. These values are based pri- 
marily on the habitual intake of ascorbic 
acid required to produce approximately a 
maximum tissue concentration, i.e. a post- 
prandial serum value of 1.0 to 1.2 mg. per 
cent and/or maximum per cent urinary ex- 
cretion (Nutrition Reviews 1, 142 (1943)). 
Optimal requirements certainly do not lie 
far above this point but may be somewhat 
lower. Surveys indicate that a high per- 
centage of the general population does not 
now have ascorbic acid intakes which meet 
this recommendation (Bull. National Re- 
search Council no. 109, (1943); Nutrition 
Reviews 2, 227 (1944); 4, 74, 176 (1946)). 

There is fairly general agreement that the 
minimal requirements for the prevention of 
obvious, classic scurvy are of the order of 10 
to 20 mg. daily. Considerable controversy 
exists as to the extent and type of benefits 
resulting from intakes lying between this 
minimal] requirement and the intakes recom- 
mended by the National Research Council. 

A number of investigators have concluded 
that ascorbic acid intakes above 25 mg. per 
day decrease the prevalence and severity of 
gingivitis, while others have reported no im- 
provement in the state of the gingival tissues 
from ascorbic acid treatment. Controversy 
still persists on this point (Nutrition Reviews 
3, 44 (1945)). W. J. Linghorne et al. 
(Canad. Med. Assn. J. 54, 106 (1946)) have 
recently reported elaborate studies on a 
group of 350 Canadian Air Force personnel 
which may partially resolve the controversy. 
This group of investigators concluded that 
unless ascorbic acid in excess of 23 mg. daily 
is ingested, there is demonstrable handicap 
to gingival tissues. They were, however, 
able to demonstrate such handicaps only 
after pretreatment of the mouths to remove 
infection around the teeth, and attribute 
their own early failures as well as those of 
others, to the pre-existing infection, which 
obscured any benefits of extra ascorbic acid 
to the gingivae. At the end of an experi- 
ment lasting eight months, subjects who had 
received 23 mg. of ascorbic acid daily showed 
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a greater increase in gingivitis than those 
receiving 78 mg. per day. While this differ- 
ence was statistically significant (29 com- 
pared with 18 per cent), indicating that 
ascorbic acid helped the situation, it is evi- 
dent from the number who developed gin- 
givitis despite the high ascorbic acid intake, 
that other factors are involved in the mar- 
ginal gingivitis of the general population. 

Ascorbic acid intakes of 1 to 2 g. daily for 
prolonged periods illicit no toxic effects. 

The pathology of ascorbic acid deficiency 
is practically restricted to supporting tissues 
of mesenchymal origin (bone, dentin, car- 
tilage, and connective tissue) and can be 
described by the statement that there is a 
failure of formation and maintenance of 
intercellular materials. The characteristic 
lesions of scurvy in man and animal, e.g., 
hemorrhages, loosening of teeth, failure of 
wounds to heal, separation of the epiphyses 
of long bones, and fractures, are all explain- 
able on the above simple pathologic principle 
(S. B. Wolbach and O. A. Bessey, Physiol. 
Rev. 22, 233 (1942)). 

Though there have been innumerable 
studies of the subject for fifteen years, the 
biochemical function of ascorbic acid is still 
shrouded in darkness. Its most striking 
property is its reversible oxidation-reduction 
capacity. This is suggestive of function, 
but the many efforts to find a place for the 
compound among the oxidation-reduction 
systems of cells and tissues have failed so far. 
A number of enzymes are activated by as- 
corbic acid apparently through reduction to 
their active SH forms. This is, however, a 
nonspecific reaction shared by many non- 
antiscorbutic substances (H. R. Rosenberg, 
“Chemistry and Physiology of the Vita- 
mins,’’ Interscience Publishers, Inc., New 
York (1942)). 

Species not requiring ascorbic acid in their 
diet, e.g. the rat, show a striking increase in 
excretion (probably production) of ascorbic 
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acid when any one of a number of simple but 
mildly toxic substances such as the barbitals, 
terpenes, chloretone, and paraldehyde are 
ingested (Nu'rition Reviews 1, 48 (1942)). 
This might indicate a detoxifying function 
for the vitamin. It has, however, not been 
possible to establish this hypothesis beyond 
the above observations. 

The ingestion of extra amounts of the 
amino acids, phenylalanine or tyrosine, by 
the ascorbic acid deficient guinea pig or pre- 
mature infant has been shown to lead to the 
urinary excretion of partial metabolites of 
the latter amino acid. Administration of 
small amounts of ascorbic acid corrects this 
abnormal metabolism. This would seem to 
be a promising lead to the biochemical func- 
tion of the vitamin (T. Ho Lan and R. R. 
Sealock, J. Biol. Chem. 155, 483 (1944)). 

The basal metabolism, glucose tolerance, 
insulin content of the pancreas, rate of alco- 
hol metabolism, complement production, 
susceptibility to toxins, and many other 
functions are reported to be lowered in the 
scorbutic guinea pig. The evidence, how- 
ever, does not indicate this to be other than a 
nonspecific effect due to the general lowered 
vitality of such animals (Rosenberg, loc. cit.). 
The same explanation seems probable for the 
lowered concentration of enzymes reported 
in such animals (Nutrition Reviews 1, 136 
(1943)). The in vitro virucidal effects (Ibid. 
3, 334 (1945)) of ascorbic acid have been 
shown to be indirect and nonspecific, and its 
inactivating effect on certain toxins may 
have the same explanation. 

Ascorbic acid treatment has been reported 
effective in a host of clinical conditions such 
as diabetes, muscular fatigue, radiation sick- 
ness, hay fever, rheumatic fever, drug sensi- 
tivity, metal poisoning, pernicious anemia, 
and arthritis. None of this evidence is com- 
plete enough, sound enough, or strong 
enough at this time to warrant further com- 
ment (Rosenberg, loc. cit.). 
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GLOSSITIS, ORAL FISSURES, AND DYSPHAGIA AS SIGNS OF IRON DEFICIENCY 


Chronic hypochromic anemia has long 
been recognized as a condition associated 
with iron deficiency and effectively relieved 
by iron therapy. It is frequently accom- 
panied by atrophy of the lingual papillae, 
glossitis, and changes in the corners of the 
mouth (cheilosis) such as those which have 
been attributed to riboflavin deficiency. 
In many cases difficulty in swallowing has 
been encountered as well, a combination of 
symptoms known as the ‘‘Plummer-Vinson 
syndrome.” 

Although this clinical picture associated 
with iron deficiency has been known to 
clinicians for many years the exact etiology 
of the changes in the tongue and lips, in 
particular, as well as those associated with 
difficulty in swallowing has not been clear. 
With the discovery of the various members 
of the vitamin B-complex and the description 
of physical signs alleged to be indicative of 
deficiency of individual members of the 
vitamin B-complex, many were inclined to 
attribute these changes in the mucous 
membranes to deficiencies of the various 
B-vitamins. Thus, it has been claimed that 
changes in the lingual papillae are specifi- 
cally due to niacin deficiency and that the 
glossitis encountered in a great variety of 
conditions is probably due to ‘chronic 
niacin deficiency.” It has been implied 
that fissures at the angles of the mouth 
are pathognomonic of riboflavin deficiency 
even though it has been demonstrated that 
such lesions may heal following the ad- 
ministration of niacin, pyridoxine, or pan- 
tothenic acid or that they may be resistant 
to therapy with all the known B-factors. 
It is true that, when patients with chronic 
hypochromic anemia who present these 
symptoms are treated with iron, these 
manifestations may be relieved, just as the 
anemia and symptoms of weakness dis- 
appear. However, it has been assumed that 
the oral manifestations improve as a result 
of general improvement in diet or because 


of the vitamin therapy which may have 
been given in addition to iron therapy. 

J. Waldenstrém (Acta med. scandinav. 
(Suppl.) 90, 380 (1938)) presented clinical 
evidence which he interpreted as showing 
that fissures in the corners of the mouth, 
sores on the tongue, pains and spasm in the 
throat, changes in the nails, and even vulvo- 
vaginitis may be healed after a sufficient 
administration of iron without any other 
therapy. Unfortunately, however, his con- 
clusions cannot be accepted without res- 
ervation since the patients may have taken 
a better diet during the period of iron 
therapy and thereby might have overcome 
a concomitant vitamin B-complex deficiency. 

Impressed by the number of cases seen 
at the Nutrition Clinic of Vanderbilt 
University Hospital in which vitamin ther- 
apy had failed to relieve the cral mani- 
festations here discussed, W. J. Darby 
(J. Am. Med. Assn. 130, £30 (1946)) under- 
took to test the problem further. He 
presents in detail the histories of 6 rep- 
resentative cases. The story in all is 
similar. In each instance there was anemia 
of a hypochromic type, although often it 
was only moderate in degree. At the same 
time signs which have been attributed to 
vitamin B deficiency were present. One 
patient, for example, had had a constantly 
sore mouth, she complained of easy fati- 
gability and constipation and a bout of 
diarrhea had been observed. Previously, 
a diagnosis of subclinical pellagra had been 
made. Yet she did not respond to nine 
weeks of therapy with thiamine, niacin, 
and riboflavin. The mild hypochromic 
anemia was conditioned by excessive men- 
strual bleeding. One week after iron ther- 
apy was instituted there was subjective 
relief from the sore mouth and within three 
weeks the appearance of the tongue was 
normal. This was accompanied by the 
expected rise in the hemoglobin level and, 
interestingly enough, by dramatic relief 
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from a persistent pruritis vulvae. In an- 
other patient symptoms of sore tongue had 
been present from time to time over a period 
of sixteen years. She had had difficulty in 
swallowing, and there were scars at the 
corners of the mouth. These symptoms 
were accompanied by anemia attributable 
to abnormal blood losses. In this patient, 
the response to iron therapy was tested 
without preceding vitamin B_ therapy. 
Marked improvement took place which did 
not seem to be due to changes in diet. 

Other cases are cited in which symptoms 
of oral lesions, easy fatigability, indigestion, 
“nervousness,” and other complaints which 
have been ascribed to “subclinical vitamin 
B-complex deficiency” had not been relieved 
by brewers’ yeast or by adequate doses 
of crystalline vitamins, and yet disappeared 
promptly following administration of iron. 
In certain instances, it is stated, the dietary 
histories suggested an adequate intake of 
essential foods and this was corroborated 
in some cases by laboratory estimations on 
body fluids. 

Although one would be more firmly 
convinced if the diets of the patients had 
been rigidly controlled during the period of 
iron therapy, there is little room to doubt 
that iron therapy in such cases is capable 
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of producing remarkable improvement. 
The blotchy irregular denudation of the 
lingual papillae, the absent epithelial tufts 
of the filiform papillae, and the dusky red 
irregular spots which have been described 
as characteristic of the tongue in cases of 
hypochromic anemia seem to disappear 
under iron therapy. Fissures at the labial 
commissures apparently respond also to 
iron treatment. Thus in cases of iron 
deficiency anemia these signs cannot be 
regarded necessarily as signs of a secondary 
vitamin deficiency but are rather to be 
considered a part of a manifestation of 
iron deficiency. It is stated that stomatitis 
due to iron deficiency is encountered more 
frequently at the Vanderbilt Hospital Nu- 
trition Clinic than is cheilosis and glossitis 
due to riboflavin or niacin deficiency. 

The author is careful to point out that it 
is not his intention to deny that a deficiency 
of riboflavin, niacin, or other vitamin B- 
complex factors may and sometimes does 
give rise to glossitis or cheilosis. Rather, 
he wishes to show that iron deficiency is 
another cause of these signs. Critical 
investigation is making it clear that signs 
once regarded as specific of various types of 
vitamin B deficiency may be encountered 
under a varicty of circumstances. 


PROTEIN REQUIREMENT OF ADULTS 


There is comparatively little satisfactory - 


factual information concerning the protein 
requirement of adults on mixed diets. The 
data which have been offered on the basis 
of nitrogen balance studies suffer from the 
defect that the level of nitrogen fed was not 
sufficiently low to produce a_ negative 
balance or the protein was not fed sufficiently 
long to assure a reasonably constant nitrogen 
output. If proper attention is not given 
to these details, the determined nitrogen 
requirement tends to be too high. The 
recommended allowance of the National 
Research Council for protein, 1 g. per 


kilogram of body weight per day, is generally 
conceded to be at least 50 per cent higher 
than necessary. It is recognized that a 
substantial portion of the population con- 
sumes considerably less protein than this 
without developing ill effects, as judged 
by present methods of examination. 
With this need for exact information in 
mind, D. M. Hegsted, A. G. Tsongas, D. B. 
Abbott, and F. J. Stare (J. Lab. Clin. Med. 
31, 261 (1946)) undertook a study of the 
protein requirement of 26 adults who were 
fed diets devoid of animal protein and low 
in their content of protein. These subjects 














ee fe. a ae 


oO © @ 


— oe 


TE 


. a 








1946) NUTRITION REVIEWS 265 


were subsequently given diets in which part 
of the protein was replaced by meat, soy 
flour, wheat germ, and white bread. Thus 
the influence of ‘“‘higher quality” proteins 
could be estimated. The subjects were 
apparently healthy adults ranging in age 
from 19 to 50 years. Great care was taken 
to secure complete cooperation. All urine 
and stool specimens were collected and 
aliquots of these examined, and the diets 
were analyzed for nitrogen content. The 
basal diet was devoid of animal protein 
(“all-vegetable diet’) and its constituents 
were selected to approximate in some 
respects certain low-cost diets. Thus 50 
per cent of the nitrogen was supplied by 
white bread (containing no skim milk solids) 
and a total of 62 per cent was supplied by 
cereal products. About 13 per cent of the 
nitrogen was derived from potatoes and the 
total nitrogen from vegetable products was 
approximately 30 per cent. The remaining 
8 per cent came from fruits. Individual 
servings of each food were weighed daily 
and remained constant on each diet, but 
considerable ingenuity had to be used in 
preparing these foods. The total caloric 
intake when this diet was used was calcu- 
lated to be 950 calories per day. Additional 
calories to maintain weight were supplied 
in the form of rendered butter, cooking oils, 
corn starch biscuits, and various other 
sources of carbohydrate. The subjects were 
allowed these foods freely but everything 
eaten was recorded daily. The figures for 
nitrogen intake were adjusted to include 
the small amount of nitrogen in these 
caloric supplements as determined by 
analysis. 

Modifications of this diet included one in 
which each food in the basal diet was 
decreased by one-third and sufficient meat 
was added to supply approximately the 
nitrogen thus removed. The substitution 
of meat for one third of the basic diet re- 
sulted in considerable decrease in the 
caloric content of the diet but this loss was 
covered by additional amounts of the 


caloric supplements. On certain diets the 
constituents of the basal diet were simply 
increased. On others bread, soy flour, and 
wheat germ replaced the meat as a source of 
supplementary protein. Various other mod- 
ifications were used and their effects on 
nitrogen balance were observed. The vi- 
tamin and mineral contents of the diet were 
maintained by supplements and, with the 
exception of riboflavin and calcium, were 
given in amounts above the National Re- 
search Council’s recommended daily al- 
lowance. The calcium intake varied from 
400 to 1000 mg. per day; the riboflavin 
intake was 1.5 to 3.3 mg. per day. 

In most of the studies the collection of 
stools and urine was preceded by a three 
day adjustment period on the diet and a one 
day period between the different diets. 
It was found that there was a great difference 
in subjects in the time required for stabi- 
lization on the diet. It became evident 
that three days is far from sufficient for 
many subjects to reach a stabilized nitrogen 
output unless a preliminary very low nitro- 
gen period is used. This emphasizes the 
point that much of the data in the literature 
probably show urinary nitrogen figures too 
high for the nitrogen fed, and indicates that 
some of the subjects studied by Hegsted 
and his associates were not sufficiently sta- 
bilized. Their estimate of protein require- 
ment may, therefore, be somewhat high. 

When the results of all of the nitrogen 
balance studies on the all-vegetable diet 
were plotted against body weight, surface 
area, nitrogen intake per kilogram of body 
weight, and nitrogen intake per square 
meter of body surface it was found that 
correlation was best with body surface. 
According to the equation obtained the 
estimated intake at zero balance was 
2.88 +0.17 g. of nitrogen per square meter 
of body surface. Thus, a man whose weight 
is 70 kg. and height 160 cm. would require 
between 4.68 and 5.27 g. of nitrogen per day 
from the all-vegetable diet, which cor- 
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responds to from 29.3 to 32.9 g. of con- 
ventional protein per day. 

The data for the diets in which meat 
replaced one third of the constituents of 
the all-vegetable diet showed a poor cor- 
relation, but when all of the constituents 
of the diet were reduced by approximately 
15 per cent, thus reducing the total nitrogen 
intake, excellent correlation was found. 
The estimated requirement on this diet was 
found to be 2.41 + 0.04 g. nitrogen per 
square meter which would give a protein 
requirement of from 25.7 to 25.5 g. per day 
for a man weighing 70 kg. 

Digestibility and biologic value were 
also estimated. Three diets which were of 
identical percentage composition but which 
varied in amount were fed. By joining 
the points indicating the fecal nitrogen 
excretions on these three diets and extending 
this line to zero nitrogen intake an estimate 
of metabolic nitrogen (fecal nitrogen on a 
nitrogen free diet) could be made. By 
subtracting this figure (0.395 g.) from the 
total nitrogen excreted on a given diet the 
excess nitrogen excreted could be calculated. 
With the all-vegetable diet, fed in three 
different amounts, 12.5 per cent of the ni- 
trogen ingested was thus calculated as 
being excreted. By subtracting this excess 
excretion from 100 the “digestibility value” 
of 87.5 per cent was determined. 

Calculated in this manner there appeared 
to be no great differences in the digestibility 
of the various diets. As might be expected, 
the diets with meat and bread were slightly 
more digestible than the basic diet while 
those containing soy flour and wheat germ 
were somewhat less so. 

By using these figures for absorbed ni- 
trogen an estimated biologic value could 
also be calculated provided an assumption 
for endogenous nitrogen could be made. 
For this the figure of 2 mg. of nitrogen per 
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basal calory per day was used, in accordance 
with the data of D. B. Smuts (J. Nutrition 
9, 403 (1935)). While the use of an assumed 
figure made it impossible to obtain absolute 
values, the calculations were useful for com- 
parative purposes. These figures indicated 
that there was no change in the nutritional 
value of the diet through the addition of 
soybeans or more bread, but meat and wheat 
germ caused an improvement in biologic 
value. The data with wheat germ, how- 
ever, were too few to be dependable. 

These studies show that certain “hizh 
quality” proteins are more efficient than 
others, but that less efficient proteins may 
serve equally well provided enough can be 
fed to cover the requirement, considering 
the specific digestibility and biologic value. 

It is noteworthy that there were no 
measurable objective changes in the phy- 
sical condition of any of the individuals 
throughout these studies although some 
complained of undue postprandial hunger 
and fatigue on the low protein all-vegetable 
diet. These complaints were not present 
on high protein diets. There were no 
statistically significant changes in hemo- 
globin, hematocrit, or plasma volume. 
Total protein, plasma albumin, and plasma 
globulin tended to decrease on the low 
protein all-vegetable diet when fed at a 
level low enough to produce negative nitro- 
gen balance. The replacement of one third 
of the protein in this diet with meat resulted 
in a prompt increase in the globulin fraction. 

The authors conclude that from these 
studies it would appear “‘that the National 
Research Council’s daily recommended al- 
lowance of 70 g. of protein for an adult 
weighing 70 kg. is most generous and could, 
if necessary, be reduced to 50 g. and still 
provide approximately 30 per cent margin 
above requirement.” 
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SYNTHESIS AND STRUCTURE OF COMPOUNDS CLOSELY RELATED TO 
VITAMIN A 


Independent reports by J. F. Arens and 
D. A. van Dorp (Nature 157, 190 (1946)) 
and by N. A. Milas (Science 103, 581 (1946)) 
on the synthesis of new compounds with 
vitamin A activity help to clarify the con- 
fused situation which has existed for some 
years regarding the synthesis of vitamin A 
and closely related compounds (i.e. com- 
pounds most closely related to the alcohol 
CooH2sOH, but excluding the carotenoids). 

The chemical constitution of vitamin A 
is believed to be fully elucidated chiefly 
as a result of the work of P. Karrer in 
Switzerland. Karrer and his associates 
prepared rich concentrates of vitamin A, 
probably almost pure, by applying the 
chromatographic adsorption method to the 
unsaponifiable fraction of the liver oils of 
the two species of fish, Hippoglossus hip- 
poglossus and Scombresox saurus (P. Karrer, 
R. Morf, and K. Schépp, Helvet. chim. acta 
14, 1086 (1981)). The highly refined prod- 
uct so obtained was however still an 
uncrystallized oil, but experimental evidence 
obtained by various workers renders the 
constitutional formula suggested by Karrer 
to ke most likely correct. The most con- 
vincing evidence on this point is probably 
that of P. Karrer, R. Morf, and K. Schépp 
(Ibid. 16, 557, 625 (1933)), who reduced 
the vitamin A in their concentrate catalyti- 
cally to perhydrovitamin A, and then 
synthesized perhydrovitamin A and dem- 
onstrated its identity with the product of 
hydrogenation of vitamin A. The carbon 
skeleton of the molecule of vitamin A was 
thus established with near certainty. The 
constitutional formula of vitamin A has 
not yet been established by synthesis of 
the ecmpound. 

R. Kuhn and C. J. O. R. Morris (Ber. d. 
deulsch. chem. Gesellsch. 70, 853 (1937)) 
reported the synthesis of vitamin A from 
beta-ionylidene acetone. They did not 
report any attempt to separate pure vitamin 


A from the final reaction product, but they 
claimed on the basis of a bioassay that the 
reaction product contained 7.5 per cent of 
vitamin A, and gave a blue color with 
antimony trichloride having an absorption 
maximum at 6060 A. 

R. C. Fuson ard R. E. Christ (Science 
84, 294 (1936)) made a preliminary report 
of the synthesis of vitamin A starting from 
beta-cyclo citral and dimethylacrolein and 
proceeding via the ‘“‘vitamin A aldehyde” 
to vitamin A itself. Their product had a 
maximum ultraviolet absorption “in the 
region of 3280 A” and gave a characteristic 
blue color with antimony trichloride in 
chloroform, but no test of its biologic 
potency has been reported. Since, in addi- 
tions neither of these syntheses appears to 
have been repeated by any other in- 
vestigator, there is considerable doubt 
whether vitamin A was actually synthesized 
by either group of workers. 

The closely related vitamin A aldehyde 
was prepared by R. F. Hunter and E. G. E. 
Hawkins (Nature 163, 194 (1944)) from 
vitamin A alcohol by oxidation with alu- 
minum iso-propoxide and was characterized 
by them. Shortly thereafter a preliminary 
report indicating the identity of vitamin A 
aldehyde with the retinene reported by G. 
Wald was published. 

J. F. Arens and D. A. van Dorp (loc. 
cit.) have now given a brief account of the 
vitamin A acid which must be regarded as 
the next oxidation product obtainable by 
continuing the oxidation of vitamin A 
beyond the aldehyde step. This derivative 
was actually obtained by synthesis from 
beta-ionone, and is a crystalline acid melt- 
ing at 181.5° and having an ultraviolet 
absorption spectrum maximum at 3430 A. 
The acid is stated to possess a biologic 
potency one-tenth as great as vitamin A, 
when fed to rats in solution in peanut oil, or 
one-half as great, when fed as an aqueous so- 


ee ee 


Oe ~ 


me - 
- - 
















i 

















268 


lution of the sodium salt. This finding 
seems to be inexplicable, for one would 
expect with the small doses given that the 
pH of the intestinal contents would be 
unaffected whether the free acid or its 
sodium salt were given. In this case the 
actual form in which the acid existed, free, 
or as a salt, would also be the same which- 
ever form was given, and one would expect 
the potency to be the same for each form. 
No data on the bioassays were reported, 
so it must be borne in mind that the reported 
disparity between the activities of the acid 
and its salt could possibly be accounted for 
by the error of the bioassays. 

The C2; ketone formed by reaction of the 
vitamin A acid with lithium methyl also 
was isolated, and found to possess one-tenth 
as much biologic potency as vitamin A 
when given orally to rats in peanut oil 
solution. Intermediate products in~ the 
synthesis of vitamin A acid were also re- 
ported to have “distinct vitamin A activity.” 

_ Milas (loc. cit.) reported his inability to 
duplicate the synthesis reported by Kuhn 
and Morris, and cited four other references 
to the literature which record similar failures 
in other countries. He outlined three 
methods for synthesizing ethers and esters of 
vitamin A, and gave some details of the 
properties of the ethers. The absorption 
spectra in the ultraviolet were similar to 
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that of vitamin A, except that the maxima 
were shifted about 30 to 50 A toward the 


ultraviolet. With antimony _ trichloride 
they gave a blue color having absorption» 
maxima at 6200 A and 5800 , just as is 


given by natural vitamin A. 

The synthetic compounds were shown 
to be biologically active, and to have an 
effect on rats identical with that of cod liver 
oil. These ethers were less potent than 
natural crystalline vitamin A, having an 
activity of the order of one-fiftieth as great. 

The synthetic compounds were never- 
theless fifty to a hundred times as active as 
ordinary cod liver oil, and could become an 
important source of vitamin A if sufficiently 
cheap production can be attained. They 
appeared to be mixtures of stereoisomers 
of the cis and trans type, some of which may 
have been inactive. Such isomers are very 
difficult to separate and purify, but this 
separation of the new compounds, as well as 
the determination of the stereochemical 
configuration of natural vitamin A, is 
necessary for an understanding of the 
problems of the specificity of vitamin A 
and related compounds. 

Further investigations in this field may 
now be confidently expected to clear up 
the obscurities which for some years have 
surrounded the question of the synthesis 
of vitamin A and closely related compounds. 


DIET AND RIBOFLAVIN METABOLISM IN THE RAT 


The effect of variations in the diet upon 
the apparent riboflavin requirement of 
the rat has received attention in this journal 
(Nutrition Reviews 3, 150 (1945)). The 
earlier work established the effect of the 
fat content, the protein content, and the 
kind of carbohydrate in the diet, upon the 
growth rate attained with different levels 
of riboflavin, and upon its excretion. 

J. W. Czaczkes and K. Guggenheim 
(J. Biol. Chem. 162, 267 (1946)) have re- 
ported further comprehensive studies upon 


this subject. Rats taken from a stock 
colony when they reached 50 g. in weight, 
and fed after weaning on a mixture of 
sprouted wheat, oats, and bran, supplemen- 
ted by milk and vegetables were used. 
The riboflavin content of the liver, kidney, 
and muscle tissue averaged 20, 19, and 3.2 
micrograms per gram of fresh tissue, re- 
spectively, and that of the urine and blood 
0.3 and 0.55 microgram per milliliter respec- 
tively. The authors state that “in a large 
number of animals tested uniform _results 
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were Obtained.” It might have been more 
appropriate if the authors reported the 
standard errors of their means, so that 
readers could judge for themselves the 
degree of uniformity obtained. 

The rats were fed on one of five experi- 
mental diets; the “normal” diet consisted 
of 15 per cent casein, 71 per cent rice flour, 
10 per cent olive oil, and 4 per cent salt 
mixture, plus vitamin supplements, except 
for riboflavin. This normal diet supplied 
about 20 per cent calories from protein, 
60 per cent from carbohydrate, and 20 per 
cent from fat. By varying the proportions 
of casein, rice flour, and oil, four other 
diets were prepared. These were the high 
protein diet (34 per cent calories from 
protein), the low protein diet (11 per cent 
calories from protein), the high fat diet 
(40 per cent calories from fat), and the low 
fat diet (2 per cent calories from fat). 
Large numbers of rats were kept on each of 
these five diets, and in each group there 
were several subgroups given different 
amounts of riboflavin as a daily supplement. 
Rats from all subgroups were sacrificed at 
weekly intervals and the liver, kidney, 
blood, and muscle riboflavin estimated mi- 
crobiologically. Before the rats were sac- 
rificed, a twenty-four hour urine sample 
was collected; the riboflavin content of 
this sample was also determined, and the 
data are presented in tabular form. As 
expected, the riboflavin content of the 
organs of rats given no riboflavin at all 
decreased steadily. On a supplement of 
5 micrograms daily, the tissue level of rats 
on the normal diet was observed to be 
slightly decreased after two to three months, 
while a daily supplement of 7.5 micrograms 
maintained the riboflavin content of the 
organism. Supplements of 10 or 20 micro- 
grams produced a steady increase of ribo- 
flavin concentration in the tissues and also 
in the urine. The riboflavin level in the 
blood remained remarkably constant, and 
the data suggest that the most sensitive 
indexes of riboflavin deficiency are the 


riboflavin content of liver tissue and the 
rate of riboflavin excretion in the urine. 

In comparing the different diets with one 
another, the authors found that rats kept 
on the low protein diet soon had a decreased 
level of riboflavin in each of the three tissues 
and excreted more riboflavin. The re- 
duction in tissue concentration was inde- 
pendent of the size of the daily supplement 
of riboflavin, but the urinary excretion rose 
with the amount given daily. It was noted 
that the rats seemed “unable to maintain a 
functional level of riboflavin,” so that even 
relatively large supplements failed to pre- 
vent “secondary” riboflavin deficiency and 
the rats died of ariboflavinosis after eight 
or nine weeks. 

On the high protein diet the requirement 
for riboflavin was apparently increased, 
since 15 micrograms daily maintained the 
tissue and urine concentrations at the same 
level as 7.5 micrograms daily did on the 
normal diet. The fat content of the diet 
had an even more pronounced effect, sug- 
gesting an inverse relationship between the 
fat content of the diet and the size of the 
riboflavin supplement needed to maintain a 
functional level in the tissue and a normal 
concentration in the urine. The tissue 
concentrations maintained on the normal 
diet by a daily supplement of 7.5 micrograms 
were reached by a supplement of 3.5 micro- 
grams on the low fat diet but only by a 
supplement of 20 micrograms on the high 
fat diet. 

Experimental studies were also made of 
the effect of the different diets on the 
bacterial synthesis of riboflavin in the 
intestine. Groups of rats receiving each 
of the five diets were kept for five weeks 
without any riboflavin supplement, and at 
the end of that time a forty-eight hour 
collection of feces was made from each rat. 
The feces from rats on the normal diet 
contained on the average 24 micrograms of 
riboflavin, and those on the low protein 
diet contained an amount not substantially 
different. The rats on the high protein and 
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the high fat diets excreted respectively 11 
and 9 micrograms in the forty-eight hour 
period, while those on the low fat diet 
excreted 35 micrograms. The reduced ribo- 
flavin excretion on the high protein and 
high fat diets and the increased excretion 
on the low fat diet were correlated with the 
respectively low and high levels of tissue 
riboflavin and of urinary riboflavin ex- 
cretion in these groups. On the other hand 
no such correlation occurred in the low 
protein diet group, which appears to support 
the observation that a low protein diet 
reduces the ability of the rat to store ribo- 
flavin in the tissues, and increases the 
urinary excretion. It is however not clear 
from the data presented that this conclusion 
is entirely justified, because the urinary 
concentration of riboflavin, but not the 
total daily excretion, is reported. 

Support for the hypothesis that the 
differences in feces riboflavin content be- 
tween the different groups are due to different 
rates of bacterial synthesis in the intestine 
was sought by making counts of the viable 
bacteria in the feces and by tests of their 
ability to synthesize riboflavin. Feces from 
rats on the normal diet with no riboflavin 
supplement contained 318 million cells per 
gram, and the number in feces from rats 
on the low protein diet was not substantially 
different. On the other hand feces from 
rats fed high protein or high fat diets con- 
tained about one-third as many bacteria, 
while feces from rats on the low protein diet 
contained 450 million cells per gram; all 
these three figures showing statistically a 
highly significant difference from that ob- 


served in the feces of rats fed the normal 
diet. The fecal excretion of riboflavin thus 
appeared to be proportional to the number 
of viable bacteria in the feces, and pre- 
sumably therefore of the amount of ribo- 
flavin which they synthesize. 

This conclusion was strengthened by 
measurements of the amount of riboflavin 
which could be produced by the intestinal 
flora of rats fed the different diets without 
any riboflavin supplement. A 1:500,000 
dilution of feces from each group was 
prepared and used to inoculate glucose 
broth; after twenty-four hours incubation 
the cells were centrifuged out and the ribo- 
flavin content of the supernatant fluid 
measured. The cells themselves were dis- 
rupted by repeated freezing and thawing, 
and the intracellular riboflavin was also 
determined. There were considerable dif- 
ferences in the extracellular, but not in the 
smaller intracellular concentrations of ribo- 
flavin observed. From 10 ml. of broth, the 
amount of extracellular riboflavin synthe- 
sized by bacteria from the feces of rats 
receiving the normal, low protein, high 
protein, low fat, and high fat diets was 
6, 7, 4, 12, and 1.5 micrograms respectively. 
Since most of the riboflavin left the bacterial 
cells, presumably it would be available 
to the rat when produced in the intestine. 

Czaczkes and Guggenheim have thus 
shown directly that different apparent 
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requirements for dietetic riboflavin of rats | 


on different diets are due to differences in 
the amounts of riboflavin which are syn- 
thesized by bacteria and made available 
in their intestines. 


PTERINS AND MACROCYTIC ANEMIA FACTORS 


Nature’s coloring of insect wings and the 
production of red cells containing the 
pigmented compound, hemoglobin, appear 
to be dependent in part upon the presence 
of one or more members of a group of sub- 
stances known as pterins. These were 


first recognized in butterfly wings by F. G. | 


Hopkins (Phil. Trans. Roy. Soc. B, 186, 661 
(1896)). Their role in red cell formation 


was suggested by R. Tschesche and H. J. 
Wolf (7. f. physiol. Chem. 244, I (1936); . 
248, 34 (1937)) who used one of the pterins, 








le 
e. 
us 
nt 





~~ ee 





ts F 


le 








1946] 


xanthopterin, in curing the anemia pro- 
duced by feeding growing rats on a diet of 


goat’s milk. R. W. Simmons and E. R. 
Norris (J. Biol. Chem. 140, 679 (1941); 
168, 449 (1945)) found that this pterin 
cured the anemia in fish which results 
from feeding high protein diets with yeast as 
the source of vitamins of the B-complex. 
Subsequent to the observation of Tschesche 
and Wolf, the importance of xanthopterin 
in the regeneration of blood cells has been 
emphasized by numerous investigators. J. M. 
McKibbin, A. E. Schaefer, C. A. Elvehjem, 
and E. B. Hart (Ibid. 145, 107 (1942)) re- 
ported its partial activity in dogs made 
anemic by bleeding. J. R. Totter and P. L. 
Day (Ibid. 147, 257 (1943)) found that it 
alleviated the leukopenia and counteracted 
the inhibition of growth in rats resulting 
from treatment with succinylsulfathiazole. 
J. R. Totter et al. (Ibid. 162, 147 (1944)) 
noted that it caused reticulocyte responses 
and increases in red and white cell counts 
in monkeys fed the vitamin M deficient 
diet. 

Evidence for the occurrence of pterins in 
liver extracts, effective in the treatment of 
pernicious anemia, has not been lacking. 
B. M. Jacobson and Y. SubbaRow (J. 
Clin. Invest. 16, 573 (1937)) and F. P. 
Mazza and F. Penati (Arch. Sct. biol., 
Napoli 23, 443 (1937)) have shown that 
pterin-like substances occur in active liver 
extracts. Xanthopterin has been isolated 
from liver by W. Koschara (Z. f. physiol. 
Chem. 240, 127 (1936)). Of special im- 
portance is the observation by L. D. Wright 
and A. D. Welch (Science 98, 179 (1943); 
Nutrition Reviews 2, 54 (1944)) that in- 
cubation of a liver suspension with xanthop- 
terin increased the ‘folic acid” effect of the 
liver. 

The many investigations linking ‘folic 
acid” with the hematopoietic system (Nu- 
trition Reviews 2, 131 (1944);3, 165 (1945); 
4, 11, 13, 91, 102 (1946)) and the evidence 
cited above of a similar relationship between 
pterins and the formation of cellular ele- 
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ments of the blood have received strong 
support by the demonstration that the 
pteridyl group is a component of liver 
Lactobacillus casei factor (R. B. Angier 
et al., Science 103, 667 (1946)). Although 
W. B. Castle and W. C. Townsend (Am. 
J. Med. Sct. 178, 764 (1929)) showed 
that the state of the gastric mucosa played 
an essential role in prevention of pernicious 
anemia, the explanation of the mechanism 
involved is still uncertain. For this reason 
the recent observation that certain cells in 
the mucosa of the digestive tract contain 
pterins is a particularly valuable stepping 
stone toward a complete understanding of 
this function of the mucosa of the alimentary 
tract. R. Heidenhain (Arch. f. mikr. Anat. 
6, 368 (1870)) was the first to recognize 
so-called argentaffine (staining with silver) 
cells which are specifically differentiated 
epithelial cells occurring in the cardiac 
and pyloric portions of the gastric mucosa 
and in the small intestine, especially in the 
duodenum. W. Jacobson (J. Path. Bact. 
49, 1 (1939)) noted the similarity in the 
distribution of these cells and of those 
effective as sources of the antipernicious 
anemia factor. Furthermore, the argen- 
taffine cells were found to be absent or nearly 
so in postmortem specimens from 12 patients 
with pernicious anemia and from 2 with 
sprue but were only slightly reduced in 
number in specimens from 3. atypical 
patients who had not responded to liver 
therapy. Because the argentaffine cells 
contain a yellow pigment with a bright 
yellow fluorescence, yield a positive murexide 
test (for the pyrimidine ring), and give a 
diazo dye with diazo compounds, Jacobson 
suggested that a pterin is present and that 
this substance is responsible for at least 
part of the hematopoietic activity of gastric 
and intestinal mucosa. Subsequently, W. 
Jacobson and D. M. Simpson (Biochem. J. 
40, 3 (1946)) compared the fluorescence 
spectra of the substance occurring in the 
granules of the argentaffine cells and of 
synthetic leucopterin and xanthopterin. 
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The spectra of extracts of the mucous 
membrane of the stomach and intestine and 
of the argentaffine cells in these tissues were 
found to resemble, if not to be identical 
with, that given by xanthopterin. Leu- 
copterin, its oxidation product, also appeared 
to be present in small amounts. On the 
other hand the fluorescence spectra of 
eighteen commercial and experimental liver 
extracts indicated that leucopterin, or a 
closely related pterin, was the main pterin 
present rather than xanthopterin. In this 
connection it is significant that some of the 
liver preparations with greatest clinical 
activity are essentially colorless, as is 
leucopterin. 

These investigators found that the in- 
tensity of fluorescence and the hematopoietic 
activity of both the liver extracts and the 
extracts of. gastric and duodenal mucosa 
are parallel, the greater intensity being 
associated with higher activity. They sug- 
gested the use of intensity of fluorescence 
in the 4650 and 5220 A regions as a procedure 
which should be useful in the isolation of 
the antipernicious anemia factor. They 
assessed the potency of the extracts by 
administration to patients or by noting 
their activity in the animal test (W. 
Jacobson and 8. M. Williams, J. Path. Bact. 
57, 101, 423 (1945)). Leucopterin was not 
tested clinically because of its insolubility. 
Xanthopterin was inactive in patients. 
Both pterins were found to be active in the 
animal test. 

The importance of unknown indispensable 
nutrients in the treatment of certain 
macrocytic anemias is re-emphasized by 
J. Watson and W. B. Castle (Am. J. Med. 
Sct. 211, 513 (1946)) who have provided 
additional evidence for the greater effective- 
ness of less highly purified liver extracts, 
particularly in some cases of anemia of 
pregnancy. Their preliminary report (Proc. 
Soc. Exp. Biol. Med. 58, 84 (1945); Nutrition 
Reviews 3, 327 (1945)) of 3 cases which 
responded to orally administered crude 
liver preparations after failure to respond 
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to parenteral therapy known to be effective 
in pernicious anemia, has been amplified 
by observations on a fourth case which did 
respond to parenteral therapy if a tenfold 
but not if a smaller quantity of a special 
liver extract was used. Their case reports 
bring out in striking fashion an essential 
difference between the defect in pernicious 
anemia and the defect in some instances of 
nutritional macrocytic anemia of pregnancy. 
In the former, the parenteral use of highly 
refined preparations is effective. In the 
latter, either another substance is required 
which is absent from or present only in 
small amounts in most of the highly refined 
liver preparations of the antipernicious 
anemia factor, or much larger amounts of 
this factor are necessary. The indispensable 
nutrient may be supplied orally or paren- 
terally and occurs in autolyzed yeast as 
well as in liver. Castle suggests that this 
factor, which appears to differ from the 
antipernicious anemia factor, be designated 
Wills’ factor because she was the first to 
recognize the effectiveness of autolyzed 
yeast in tropical macrocytic anemia of 
pregnancy (L. Wills, Brit. Med. J. 1, 1059 
(1931)) and the difference in the therapeutic 
response to refined and crude liver extracts 
in anemic monkeys (L. Wills, P. W. Clutter- 
buck, and B. D. F. Evans, Biochem. J. 
31, 2136 (1937)). 

Watson and Castle’s case no. 4 is particu- 
larly interesting in view of the success 
reported by others in the treatment of the 
macrocytic anemias, including Addisonian 
pernicious anemia, sprue, and the anemia 
of pregnancy, with L. casei factor (Nutrition 
Reviews 4, 102 (1946)). The patient did 
not show hematologic improvement during 
a ten day period in which she received daily 
an oral supplement of the following: thi- 
amine chloride, 100 mg.; riboflavin, 100 mg.; 
niacinamide, 200 mg.; pyridoxine hydro- 
chloride, 100 mg.; pyridoxal hydrochloride, 
300 mg.; calcium pantothenate, 100 mg.; 
para-aminobenzoic acid, 2 g.; choline hydro- 
chloride, 300 mg.; inositol, 200 mg.; biotin, 
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2 mg.; and, L. casei factor, 1.3 mg. If the 
antianemia factor is the pteridyl-para- 
aminobenzoyl-glutamic acid synthesized by 
Angier et al. (loc. cit.), then either the 1.3 mg. 
of L. casei factor was insufficient or there was 
an inability to synthesize the active complex 
from its components. 

Jacobson and Simpson believe that the 
antipernicious anemia factor in liver contains 
a pterin bound to some other group. 
Whether the pteridyl compound, which 
has been identified as the liver L. casei 
factor through its synthesis, is actually 
the antipernicious anemia factor or a chemi- 
cally related factor is not known. A basis 
for an explanation of the hematopoietic 
activity of gastric and intestinal mucosa 
is suggested by the presence of xanthopterin, 
a reduced form of leucopterin, in the argent- 
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affine cells. The interrelationship of these 
two pterins, and possibly others, and the 
identity of all additional groups to which 
they are attached have yet to be determined. 
Even if it is assumed that the synthesis 
of all or part of the antipernicious anemia 
factor is accomplished by the argentaffine 
cells, the question of the dietary indispensa- 
bility of building materials, such as the 
pterin and the para-aminobenzoic acid of 
the liver L. casei factor, remains unanswered. 
Nevertheless, fascinating advances are being 
made with respect to the explanation of 
the changes which occur in the gastric 
mucosa of pernicious anemia patients and 
with respect to the problem of the relation 
of pteridyl complexes to Castle’s intrinsic 
and extrinsic factors and to Wills’ factor. 


STREPOGENIN AND THE NUTRITIONAL VALUE OF PROTEIN 


Strepogenin is the tentative name used 
by H. Sprince and D. W. Woolley (J. Exp. 
Med. 80, 213 (1944)) to designate a growth 
factor for certain hemolytic streptococci. 
D. W. Woolley (Ibid. 73, 487 (1941)) had 
discovered the existence of this factor which 
was necessary for growth of hemolytic 
streptococci of Lancefield’s group A, and 
was unable to identify it with any other 
known growth factor. He showed that the 
active substance occurred in liver as a 
water soluble, alcohol insoluble, nondi- 
alyzable material, and prepared a concen- 
trate of which about 10 micrograms per 
milliliter of medium produced a maximal 
response. Sprince and Woolley (loc. cit.) 
showed that strepogenin is required as a 
growth factor by other species of bacteria, 
and they developed an assay method for 
strepogenin, using the organism Lacto- 
bacillus casei. 

The same authors also reported (J. Am. 
Chem. Soc. 67, 1734 (1945)) that with this 
assay method, enzymic digests of several 
pure proteins could be shown to have a 


high strepogenin activity. Using a crude 
concentrate of liver as a reference standard 
with activity arbitrarily designated 1, a 
tryptic digest of crystalline insulin had an 
activity of 40, of crystalline trypsinogen 20, 
crystalline trypsin 13, crystalline chymo- 
trypsinogen 2, crystalline chymotrypsin 16, 
crystalline ribonuclease 10, crystalline to- 
bacco mosaic virus 6, casein 5, and egg 
white 0.1. 

D. W. Woolley (J. Biol. Chem. 162, 383 
(1946)) has reported a correlation between 
the strepogenin content of a number of 
proteins and their growth promoting activity 
for mice maintained on a diet devoid of 
strepogenin. Starting with the hypothesis 
that the superior growth promoting power 
of some proteins is due to a higher strepo- 
genin content, experiments were devised 
to test it in two ways. In the first place, 
the amino acids derived from the acid 
hydrolysis of casein were fortified by the 
addition of tryptophane and cystine and 
used in place of protein in a highly purified 
diet fed to mice. Since strepogenin is 











ae 























ie oo” 
the enh 


hi ot 


i nd 


274 NUTRITION REVIEWS 


destroyed during acid hydrolysis, the amino 
acid mixture supported a slower growth than 
that supported by similar diets containing 
unhydrolyzed casein, but when casein or 
another protein rich in strepogenin was 
added, a good growth rate was maintained. 
The addition of proteins poor in strepogenin 
on the other hand did not cause an increase 
in the rate of growth produced by the basal 
diet. With an active protein such as 
crystalline trypsinogen, as little as 0.5 per 
cent added to the basal diet caused a maxi- 
mal response, as did 2 per cent of “vitamin 
free” casein. The growth promoting powers 
of the proteins examined in this way were 
correlated with their strepogenin contents 
as determined by the assay method of 
Sprince and Woolley (loc. cit.). 

A second test of the hypothesis was made 
by preparing concentrates of strepogenin 
from tryptic digests of casein. One was 
prepared by differential extraction with 
phenol, and another with heavy metal 
salts. When these concentrates were added 
to the basal diet they were observed to be 
equally as active as the casein, when fed 
on an equivalent strepogenin basis. De- 
struction of the strepogenin of these con- 
centrates by acid hydrolysis was accom- 
panied by the loss of growth promoting 
power for mice on the basal diet. 

While these observations do not offer 
final proof of the identity of the growth 
promoting factor with strepogenin, they do 
provide strong circumstantial evidence of 
the identity; before definite proof can be 
obtained it will be necessary to test the 
potency of pure strepogenin. It should 
be noted that a deficiency of the growth 
promoting substance from the basal diet 
did not lead to a complete failure of growth, 
or to the death of the animals. The mice 
all reached mature size eventually and the 
only abnormality noticed was loss of hair 
from the top of the head in some of them. 

Since this growth promoting effect could 
not be attributed to known amino acids, it 
appears that certain pure proteins contain 
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something of nutritional importance apart 
from the essential amino acids. In discus- 
sing this point Woolley remarks that it is 
now generally believed that the nutritional 
or growth promoting powers of proteins 
are reflected entirely by their content of 
various amino acids. This view has 
persisted despite the appearance of data 
showing that rats, mice, and chickens 
grow more rapidly when fed casein than 
when given a mixture of amino acids free 
from protein. This difference in rate of 
growth has been ascribed to differences in 
palatability. The new studies suggest that 
in addition to the amino acid content, the 
content of the new growth factor may also 
exert an influence. 

Some conclusions concerning the nature 
of strepogenin may be drawn from the 
observations so far reported. The fact 
that it can be obtained from highly purified 
crystalline proteins suggests that it is a 
constituent of, rather than a contaminant 
of, these proteins. The further information 
that it is released slowly by tryptic digestion 
of the proteins, is unstable to acid or alkali 
and stable toward chloramine T, suggests 
that it is a peptide and not an amino acid. 
The finding that purified proteins obtained 
from pancreas tissue were more potent 
than the tissue itself, strengthens the 
conclusion that strepogenin is a constituent 
of the pancreatic proteins. The inactivity 
of peptic digests of the proteins also supports 
the deduction that it is a peptide. It 
appears then that two proteins having 
similar contents of the amino acids need 
not necessarily have the’ same growth pro- 
moting powers — in one there could be an 
arrangement of some of the amino acids 
giving rise to the new factor, while in another 
a different arrangement of the amino acids 
would preclude the release of the new factor 
during digestion. 

These considerations suggest that some 
measurements of the biologic (nutritional) 
value of proteins recorded in the literature 
may require modification, in so far as they 




















































are used as an index of the completeness 
of the supply of essential amino acids 
afforded by the protein. In measurements 
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made by the growth method, the figures so 


obtained would be too low if the protein 
contained no strepogenin. 


FORMATION OF GLYCINE IN THE BODY 


It has been widely accepted that those 
amino acids which are not dietary essentials 
arise from alpha-keto acids by transamina- 
tion or by amination with ammonia. In 
the last decade however, evidence has been 
accumulating that some of the amino 
acids can be formed from others with 
utilization of the carbon skeleton as well 
as the nitrogen. The mode of formation 
of glycine has remained obscure until 
recently, although a number of functions 
of this amino acid have been described. 
It is utilized in the synthesis of protein 
and of glutathione, and has been shown by 
K. Bloch and R. Schoenheimer (J. Biol. 
Chem. 138, 167 (1941)) to be used in the 
formation of creatine, and by D. Shemin 
and D. Rittenberg (Ibid. 159, 567 (1945)) 
to be a building stone for the synthesis 
of the protoporphyrin of hemoglobin. 

An old hypothesis had postulated that 
glycine is formed in the body by the amina- 
tion of glyoxylic acid, but perfusion and 
feeding experiments carried out by G. Haas 
(Biochem. 7. 46, 296 (1913)) and R. Sassa 
(Ibid. 69, 353 (1914)) discredited it. These 
investigators were unable to find evidence 
of extra glycine formation following per- 
fusion or feeding with glyoxylic acid. 
Interest in this hypothesis has been revived 
by the demonstration that guinea pig liver 
contains an enzyme which catalyzes the 
reverse reaction (S. Ratner, V. Nocito, and 
D. E. Green, J. Biol. Chem. 182, 119 (1944)). 
However F. Leuthardt (Z. f. physiol. Chem. 
270, 118 (1941)) and F. Leuthardt and 
B. Glasson (/elvet. chim. acta 25, 245 (1942)) 
have obtained indirect evidence of the 
production of glycine by observing the 
formation of hippuric acid when guinea 
pig liver slices were incubated with benzoic 


acid and glutamine, dl-serine, asparagine, 
l-glutamie acid, or proline. The greatest 
formation of hippuric acid occurred with 
glutamine and serine. 

D.Shemin (J. Biol. Chem. 162, 297 (1946)) 
has reported the results of an investigation 
in which isotope dilution technics were 
employed to study the origin and mechanism 
of formation of glycine in vivo. Small 
equimolecular quantities (0.35 mm per 100 g. 
body weight) of benzoic acid and of some 
amino acids labeled with isotopic nitrogen 
were injected intraperitoneally into fasting 
rats and guinea pigs. The pooled urine 
was then collected for each group of animals 
receiving the same material by injection, 
the hippuric acid isolated, recrystallized 
to a melting point of 191-192°, and its 
N® excess determined. D. Rittenberg and 
R. Schoenheimer ([bid. 127, 329 (1939)) 
had shown that the administration of 
benzoic acid together with glycine labeled 
with N® leads to the excretion of labeled 
hippuric acid, and naturally the labeled 
glycine was diluted by other glycine in 
the body, so that a “dilution factor” could 
be calculated by dividing the atom per 
cent excess N® of the hippuric acid into 
the atom per cent excess N® in the glycine 
injected. This dilution factor, as measured 
by Shemin, was 2.8 in the rat and 2.4 in 
the guinea pig. 

When labeled amino acids were fed, the 
smaller the dilution factor observed, the 
greater the amount of glycine formed from 
the amino acid by donation of its amino 
group. The nearer the dilution factor of 
the test compound to that of glycine, the 
better the evidence for, and the more 
extensive, the conversion. The dilution 
factor for l-serine was 5.5 for the rat and 
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3.9 for the guinea pig, sufficiently close to 
the figures for glycine to indicate that the 
l-serine was used in large part for the forma- 
tion of glycine. This conversion was specific 
for the 1 isomer, as the dilution factor for 
d-serine was large, being 158 in the rat and 
145 in the guinea pig. The only other 
amino acid tested which gave a dilution 
factor low enough to suggest its conversion 
into glycine was |-glutamic acid, and here 
too the d isomer did not act as a precursor. 
The result with l-glutamic acid, in con- 
junction with the findings of Leuthardt, 
suggested that the glutamic acid may be 
converted to glycine via the initial step of 
beta-oxidation to serine. 

The data indicated that l-serine is con- 
verted largely to glycine, but did not give 
any hint of the mechanism of conversion, 
which might proceed via ethanolamine, 
aminomalonic acid, or formylglycine. It 
was considered that not only the nitrogen, 
_but also the carbon of l-serine was used in 
the formation of glycine. To establish 
this point and to determine the metabolic 
pathway if possible, a further experiment 
was performed with l-serine doubly labeled 
with N*® in the amino group and C* in the 
carboxyl group. In this experiment the 
hippuric acid was isolated from the urine 
and then the glycine was prepared from it 
by hydrolysis, to avoid dilution of the C™ 
by the C of the benzoyl group. In both the 
rat and the guinea pig the dilution factor 
for C™ was almost the same as that for 
N?5, and the ratio of N“ to C" in the glycine 
isolated was close to that for the ]-serine 
injected. 
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Thus direct proof of the part played by 
the C skeleton of the I-serine as a precursor 
of glycine was obtained, and the unchanged 
ratio of N® to C% in the glycine produced, 
when compared with that ratio for the 
l-serine fed, eliminates ethanolamine as an 
intermediate in the reaction. The high 
dilution factor obtained on the direct feeding 
of ethanolamine also eliminates the possi- 
bility of this compound being a principal 
intermediate in the formation of glycine 
from serine. The unchanged ratio of N*® 
to C* in the glycine produced from |-serine 
also renders it improbable that amino- 
malonic acid is the intermediate. Following 
the formation of aminomalonic acid either 
carboxyl group should be equally liable to 
split off thus producing glycine with twice 
as high a ratio of N® to C8 as that of the 
l-serine. 

The constancy of the N™ to C® ratios of 
the l-serine injected and the glycine formed 
can mean only that the beta-carbon of the 
l-serine must have been split off, and that 
equal utilization of the nitrogen, carboxyl, 
and alpha-carbon atoms of the serine 
occurred. 

Shemin feels that the high degree of 
utilization of serine for the formation of 
glycine might be misleading, since the animal 
cell may be stimulated to carry out this 
conversion at an abnormally high rate under 
the stimulus of the benzoic acid. A more 
significant value should be obtained by 
comparing the formation of hemin or crea- 
tine from the labeled l-serine and glycine, 


INFLUENCE OF CHOLINE ON LIVER'PHOSPHOLIPIDS 


With the aid of radioactive phosphorus 
_H. D. Friedlander, I. L. Chaikoff, and C. 
Entenman (J. Biol. Chem. 168, 231 (1945)) 
demonstrated that the administration of 
300 mg. of choline per kilogram of body 
weight to a dog increased the rate of turn- 


over of the plasma phospholipid phospho- 
rus. The effect was observed in the period 
immediately after the radioactive phos- 
phate was administered. C. Entenman, 
I. L. Chaikoff, and H. D. Friedlander 
(Ibid. 162, 111 (1946)) have now made a 
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similar study of the phospholipid phos- 
phorus of the liver, since the work of M. C. 
Fishler, C. Entenman, M. L. Montgomery, 
and I. L. Chaikoff (Ibid. 160, 47 (1943)) had 
suggested that the primary action of choline 
is on the liver, and that the increased phos- 
pholipid phosphorus turnover of plasma 
following the ingestion of choline is a re- 
flection of increased activity in the liver. 
Since the liver contains phospholipid phos- 
phorus with and without choline in the 
molecule, the effect of choline on both 
types was examined. 

The dogs were conditioned for the ex- 
periment by feeding for twelve to sixteen 
days a diet containing 8 per cent of crude 
casein, 38 per cent lard, and 44 per cent 
sucrose, together with a source of vitamins 
A and D, brewers’ yeast, and salt mixture; 
10 g. of the diet per kilogram of body weight 
were fed once daily. In each experiment 
2 dogs were injected intravenously with 
radioactive disodium phosphate in isotonic 
solution; one of them had been given by 
stomach tube 300 mg. of choline chloride 
per kilogram of body weight thirty minutes 
before the injection of the radiophosphorus. 
Blood was withdrawn and liver biopsy 
specimens taken at six-hour intervals until 
twenty-four hours after the injection. It 
was demonstrated in 2 dogs that the phos- 
pholipid phosphorus content of the different 
lobes of the liver was uniform, and there- 
after four liver biopsy specimens were taken 
from four lobes of the liver. Determinations 
were made of the phospholipid P* and 
phospholipid P® of plasma, and of the 
choline, P**, and P® of the petroleum ether 
extract and the methanol eluate of the 
liver samples. 

The molal ratios of choline to phospho- 
lipid P* for all liver samples varied within 
the range 0.50 to 0.66 and were considered 
to be in good agreement in the 6 dogs 
studied. On an average about 60 per cent 
of the phospholipid phosphorus of the 
petroleum ether extract contained choline. 
For the methanol eluate of the residue from 
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the petroleum ether extract the molal 
ratios were close to unity, with an average 
of 0.99, indicating that the choline- 
containing phospholipid phosphorus had 
been satisfactorily separated. The ratio 
of P® to P® in each fraction of phospholipid 
phosphorus at each time interval was 
measured, and the change in this “specific 
activity” with time reported. In each of 
the three experiments with a pair of dogs the 
phospholipid phosphorus turnover in the 
liver of a choline treated dog was compared 
with that in the liver of a dog not dosed with 
choline. 

The major distinction between the treated 
and untreated dogs was seen in the choline- 
containing phospholipid phosphorus fraction 
from the liver. The specific activity of 
this fraction was from four to sixteen times 
as great for the choline treated dogs as for 
the controls six hours after the injection 
with radiophosphorus, and thereafter de- 
creased in value, while the specific activity 
of this fraction from the control dogs con- 
tinued to increase slowly throughout the 
twenty-four hours. In no experiment did 
the specific activity of the fraction from 
the control reach as high a level as that 
from the experimental dog in twenty-four 
hours. 

The specific activity of the noncholine- 
containing phospholipid phosphorus of the 
liver was not increased by the administration 
of choline in any of the three experiments. 
In the earlier work of the same authors 
(loc. cit.) it was pointed out that one criterion 
to determine whether an organ can be 
a source of plasma phospholipid phosphorus 
is that during the early periods after the 
single administration of a labeling agent 
the specific activity of the immediate 
precursor of a compound must be greater 
than that of the compound itself. In all 
the dogs observed the specific activities 
of the choline-containing phospholipid phos- 
phorus of the liver were higher than those 


of the plasma phospholipid phosphorus 
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throughout the whole period of the ex- 
periment. This evidence thus confirms 
earlier conclusions that the phospholipid 
phosphorus of plasma (which are nearly all 
choline-containing) are formed in the liver. 


~ ty 
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At the same time it was noted that in 
two out of three experiments the ingestion 
of choline served to reduce the specific 
activities of the noncholine-containing phos- 
pholipid phosphorus of the liver. 


PEPTIC ULCERS IN PROTEIN AND VITAMIN A DEFICIENCY 


The status of peptic ulceration resulting 
from nutritional deficiency is in a confused 
state. It would appear (Nutrition Reviews 
1, 396 (1943)) that stomach lesions in rats 
may occur in deficiencies of protein, vitamin 
A, cystine, choline, riboflavin, pyridoxine, 
pantothenic acid, calcium (Ibid. 2, 13 (1944)), 
or simply of calories. Although many of 
these experiments seem to relate the lesions 
specifically to deficiency of the factor in 
question, it is probable that common factors 
such as hyperacidity, increased peptic secre- 
tion, or bile regurgitation may be operative 
in these deficiencies. At least in thiamine 
deficiency, in which a higher incidence of 
gastric ulceration was noted than in simple 
caloric restriction, a marked increase in 
spontaneous gastric secretion occurred (H. 
Shay, S. A. Komarov, M. Gruenstein, and 
S. 8. Fels, Gastroenterology 6, 199 (1946)). 

Various investigators have called atten- 
tion to the occurrence of ulcers in protein 
deficient animals. Thus, F. Hoelzel and E. 
Da Costa (Proc. Soc. Exp. Biol. Med. 29, 979 
(1982)) described prepyloric ulcers in rats 
given a dict restricted in protein intake, and 
A. U. Orten (J. Nutrition (Supzl.) 17, 14 
(1939)) observed stomach ulcers in young 
and adult rats on low levels of dietary pro- 
tein. Again, A. A. Weech and B. H. Paige 
(Am. J. Path. 13, 249 (1937)) reported that 
36 per cent of their dogs on low protein diets 
had peptic ulcers, and P. J. Fouts (J. Nutri- 
tion 25, 217 (1943)) in trying to produce 
cirrhosis of the liver in dogs found that pep- 
tic ulcer was one of the conditions associated 
with feeding a low protein diet. From the 
clinical standpoint it is of interest that T. 
H. Somervell (Brit. J. Surgery 30, 113 


(1942)) noticed a high incidence of duodenal 
ulcers among the population of Travancore 
at the extreme south of India where rela- 
tively little protein and fat are used by the 
poorer class. 

T.-W. Li and 8. Freeman (Gastroenterology 
6, 140 (1946)) call attention again to this 
interesting association of protein deficiency 
and peptic ulceration. These investigators 
studied dogs given diets practically free from 
protein except for that contained in yeast, 
which made up 5 per cent of the diet. The 
fat content of the diets fed varied from 2 to 
33 per cent. Some of the animals received 
cholesterol] and bile salt supplements daily 
and all dogs were fed 40 calories per pound 
of body weight for six days per week. Of 
32 protein deficient dogs, 15 had solitary 
peptic ulcers, 13 of which had ulceration on 
the pyloric side of the sphincter. One dog 
had more than twenty ulcerated areas 
spreading on both sides of the pyloric sphinc- 
ter. In addition to the 15 animals already 
mentioned, 2 others had superficial erosions 
of the gastric or duodenal mucosa. These 
ulcers developed in twelve weeks, a minimum 
period of time. 

In contrast, no weer was found among 18 
dogs on control diets in which casein replaced 
a similar quantity of carbohydrate in a high 
fat, protein deficient diet. These control 
animals received 2 g. or more of casein per 
pound of body weight and some received sup- 
plements of cholesterol and bile salts like the 
protein deficient ones. Although the data 
were not conclusive in this respect, it did 
seem that a lower dietary fat content and the 
addition of bile salts favored ulcer formation 
in the protein deficient animals. 
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L. S. Fridericia and co-workers (Am. J. 
Cancer 39, 61 (1940)) found an 80 per cent 
incidence of gastric ulcers in rats fed a dict 
low in vitamin A and tocopherol, while the 
replacement of oxygenated lard in the diet 
by butterfat (containing vitamin A) reduced 
the incidence to 18 per cent. A. M. Pap- 
penheimer and L. D. Larimore (J. Exp. Med. 
40, 71/9 (1924)) also noted a 55 per cent 
incidence of ulcer formation in rats on a 
vitamin A deficient diet. J. L. Jensen 
(Science 103, 586 (1946)) recognized the high 
incidence of gastric ulcers in vitamin A de- 
ficient rats, and the complete prevention of 
these by addition of the vitamin A sparing 
substance, alpha-tocopherol, to the diet. 
A basal diet of vitamin free casein, starch, 
salt mixture, yeast, and lard, but containing 
only 0.57 microgram of vitamin A (natural 
ester concentrate) produced gastric lesions 
in two thirds of a group of 15 rats. These 
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lesions were described as local circumscribed 
metaplasia of the surface epithelium in the 
forestomach, particularly near the junction 
of the cardiac and pyloric regions, and 
ranged up to 7 mm. in size. Dealing with 
groups of 10 rats, the addition of 0.5 or 5.0 
mg. of d-alpha-tocopherol daily, prevented 
completely the cccurrence of ulcers. Since 
rats receiving adequate amounts of vitamin 
A were presumably also free of ulcers, the 
action of vitamin E was due evidently to the 
recognized vitamin A sparing action of 
alpha-tocopherol. 

It is difficult to determine what relation 
experimental] ulceration in rats has to human 
peptic ulceration. The etiology of the latter 
is obscure, although without doubt such 
factors as excessive gastric secretion of 
hydrochloric acid and the constitutional and 
psychologic makeup of the individual play 
important roles. 


PROTEIN AND ANTIEODY PRODUCTION 


Previous communications from P. R. 
Cannon’s laboratory (Nutrition Reviews 1, 
186 (1943); 2, 197 (1944); 3, 78 (1945)); 
have focused interest upon possible relation- 
ships existing between dietary protein, pro- 
tein reserves, hypoproteinemia, antibody 
production, and the resistance to bacterial 
infection. The reported experimental evi- 
dence suggested that severe protein deple- 
tion, attended by hypoproteinemia, led to 
a marked decrease in antibody production in 
the rabbit and white rat. The diminution 
of antibody synthesis was theoretically as- 
cribed to a depletion of protein stores and/or 
a diminished protein anabclism. Washed 
sheep erythrocytes and Eberthella typhosa 
vaccine were the antigenic agents employed. 
Resistance to bacterial infection or response 
to virulent living pathogens were not tested. 

A report by R. W. Wissler, R. L. Wool- 
ridge, C. H. Steffee, and P. R. Cannon (J. 
Immunology 52, 267 (1946)) describes a 
further test of the protein depletion, dimin- 


ished antibody production hypothesis. 
These experiments were based upon the 
presumption that repletion of the protein 
stores in a previously depleted animal, ac- 
complished by ingestion of a “high quality” 
protein diet, should re-establish antibody 


mechanism functions with resultant in- 
creased fabrication of specific antibody 
globulin. 


One hundred and five young adult male 
albino rats (Sprague-Dawley) weighing 200 
to 300 g. were used. In most instances 
several rats were grouped in each cage. 
Marked weight Joss and protein depletion 
were accomplished after eighty-three to one 
hundred and ninety-one days on a basal 
carrot-lard-corn starch (1.9 per cent protein) 
diet supplemented by yeast, liver concen- 
trate, salt mixture, and synthetic vitamins. 
Isccaloric food consumption group controls 
(22 per cent casein) were maintained. Four 
groups of protein deficient animals were pre- 
pared and repletion attempted with several 
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proteins: (1) 11.8 per cent lactalbumin (9.8 
per cent protein diet for seven days); (2) 
34 per cent dehydrated beef (21.8 per cent 
protein for two and eight days); and (3) 
26.5 per cent amigen (20.6 per cent protein 
for eight days), prior to the intravenous in- 
jection of washed, saline suspended, sheep- 
erythrocyte antigen. The response to pro- 
tein depletion and subsequent short term 
repletion were quantitated in terms of group 
average Weight loss or gain, serum protein, 
and hemoglobin concentrations. Protein 
depletion was associated with approximately 
80 to 90 g. weight loss, average total serum 
protein of 4.3 to 4.5 g. per cent, and average 
hemoglobin levels of 8.8 to 11.7 g. per cent. 
Seven to eight days of the various protein 
repletion diets induced 25 to 50 g. weight 
gain, an average increase of 1.4 to 2.5 g. 
per cent in serum proteins, and 0 to 4.0 g. 
per cent average increase in hemoglobin 
concentration. The underlying hypothesis 
of the experiment was tested in terms of 
estimated hemolysin titers of individual and 
pooled sera in a 10-tube, twofold dilution 
hemolytic system—four, six, ten, and fifteen 
days after antigen injection. Maximal 
hemolysin titers were noted in repleted, 
deficient, and control groups approximately 
six days following inoculation of the antigen. 
At this time, lactalbumin, dehydrated beef, 
and amigen repleted rats evidenced an av- 
erage titer ten times (3+ dilutions) higher 
than did depleted controls. In all instances, 
the average six day maximal hemolysin titers 
of the repleted animals were 2+ dilutions 
less than the well nourished controls. With 
dehydrated beef, an early (two-day) sug- 
gestive increase (1 to 2 dilutions) in hemoly- 
sin titers was noted; furthermore, the av- 
erage four-day titer of the beef repleted 
group exceeded that of the control (1 dilu- 
tion). The observed differences between 
depleted, repleted, and control groups would 
appear to be significant. 

' In discussing these interesting results, the 
authors emphasize the importance of the 
observed reversibility in the phenomenon of 
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antibody synthesis with protein repletion, 
the probable direct relationship of protein 
anabolism to antibody synthesis, and indi- 
cate that protein metabolism may be in- 
fluenced in ways other than low protein 
ration, e.g., normal growth, diet inadequate 
in other nutrients (ascorbic acid administra- 
tion was tried without effect), etc. They 
concluded that protein repletion of previ- 
ously depleted animals led to a markedly 
increased output of hemolysin; that the 
antibody producing mechanism was not 
permanently or irreversibly damaged by 
prolonged protein depletion; and that pro- 
tein repletion of depleted rats induces a 
temporary anabolic increase exceeding the 
normal rate in control rats which have not 
been depleted. 

The impressive reports from this labora- 
tory have provoked enthusiastic interpola- 
tions. Since numerous allusions have 
evolved from these experiments pertaining 
to: (1) the importance of the antibody 
mechanism in the prevention and cure of 
many bacterial infections; (2) the relation- 
ship of protein reserves to antibody-globulin 
synthesis; and (3) the protein needs of under- 
nourished persons for protection against 
infection, for adequate antibody production 
during immunization, and during the dietary 
management of chronic infections, such as 
tuberculosis, a few comments concerning 
this interesting work and the above inter- 
polations of it are probably justified. 

Critical interpretation of the work of 
Wissler et al. would be facilitated were data 
collected upon individual animals. The 
procedure of paired, isocaloric feedings in- 
volving several animals eating from the 
same receptacle is of somewhat questionable 
validity. This seems particularly evident 
where an attempt is made to provide a given 
level of nitrogen intake per rat per day and 
to correlate this with the level of antibody 
production. Similarly, where relatively few 


animals constitute an experimental or con- 
trol group (5 to 15) interpretation of the 
basic data would be considerably enhanced 
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if range, mean, and standard deviation of 
quantitative measurements were indicated, 
rather than simple group averages or per- 
centage of such an average with the average 
not being stated. The statistical validity of 
the observed deviations may then be deter- 
mined by the number of animals and range 
of variation, assuming that the conditions 
of the experiment and collection of data 
remain equitable. 

Protracted dietary protein deficiency of 
the type reported might well produce con- 
siderable sulfur amino acid and/or methyl 
group deficiency despite the approximate 
consumption of 15 to 20 mg. choline per rat 
per day. The effect, if any, of these specific 
protein complexes upon antibody production 
is not adequately known. Other minor 
variables probably deserve comment in 
relation to these fundamental experiments. 
The hemolytic system employed, in addition 
to semispecific surface sensitization phenom- 
ena, necessitates the presence of nonspecific 
complement and is subject to other eryth- 
rocyte fragility variables. It is also well 
to recall that antibody dilution methods of 
estimating the presence of antibody in a 
smal] quantity of serum do not necessarily 
reflect total antibody production, and at best 
are but roughly quantitative. Variations of 
l- to 2-tube dilutions may occur within 
the limit of experimental error. Funda- 
mental progress made using this crudely 
quantitative method will undoubtedly be 
abetted when relatively simple, refined 
methods for estimation of quantitative and 
qualitative antibody-nitrogen become avail- 
able. 

It is interesting that after pronounced de- 
pletion, animals on a moderate protein diet, 
prior to complete liver protein regeneration 
(H. C. Harrison and C. N. H. Long, J. Biol. 
Chem. 161, 545 (1945)), apparently achieve 
sufficient repletion of tissue proteins to allow 
fabrication of antibody globulin. This ob- 
servation would seem to support indirectly 
the concept of extrahepatic globulin forma- 
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tion. In this regard, the apparent release of 
typical sheep erythrocyte antibody from 
lymphocytes, as a consequence of adreno- 
tropic stimulation in rabbits and mice (T. 
F. Dougherty, J. H. Chase, and A. White, 
Proc. Soc. Exp. Biol. Med. 58, 135 (1945)), 
suggests that endocrine-protein metabolic 
interrelations associated with protein defi- 
ciency require further elucidation. Evalua- 
tion of extravascular compartment, plasma 
volume, and circulating protein alterations, 
as well as nitrogen balance, liver protein, and 
protein synthesis studies, would be most 
helpful in interpreting these observations. 
Such studies might facilitate the ultimate 
demonstration of the fundamental phenom- 
ena and sites of antibody globulin produe- 
tion in the experimental animal. The now 
common association of antibody and gamma 
globulin should be qualified to the extent 
that little factual evidence exists to indicate 
that all gamma globulin is antibody (FE. A. 
Kabat, J. Immunology 47, 513 (1943)) or 
that all antibodies are exclusively associated 
with gamma globulin (J. F. Enders, J. Clin. 
Invest. 23, 510 (1944)). 

Considerable confusion seems to exist 
concerning the correlation of antibody 
production and resistance to infection. In 
the experiments under consideration, anti- 
body production refers more to a technical 
procedure than to a state of antibacterial 
resistance beneficial to the host. Antibac- 
terial immunity requires that a number of 
host factors (serum complement, phagocytic 
cellular reactions, spreading factors, etc.) 
complete the reaction which may be initiated 
by antibodies (R. J. Dubos, “The Bacterial 
Cell,” Chapter 7, Harvard University Press, 
Cambridge (1945)). In relation to some 
infections (e.g. tuberculosis) antibody pro- 
duction may in fact be of little significance 
in determining either resistance or course; 
however, antibody production is probably 
an important mechanism in effective active 
immunization and in such instances would 
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appear to be related to the protein reserves 
(Ek. G. Krebs, J. Lab. Clin. Med. 31, 85 
(1946)). 

Because of the significant implications of 
the studies emanating from Cannon’s labora- 
tory, it is essential that further work be 
done—utilizing carefully adjusted specific 
protein diets, compensating for alterations 
in other factors associated with protracted 
protein depletion, testing the response to 
bacterial antigens in terms of quantitative 
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protein metabolism and synthesis, and sub- 
jecting method and results to careful analy- 
sis—before hypotheses pertaining to protein 
deficiency and iafection can be completely 
accepted. Until such technics and data are 
available, the ultimate expression of anti- 
bacterial immunity must remain the host 
resistance and response to the infective 
agent, rather than the somewhat simpler 
manifestations of antibody response to an 
avirulent or nonpathogenic antigen. 


GROWTH OF TUBERCLE BACILLI 


Studies of the nutritional requirements of 
microorganisms have been of tremendous 
consequence to mammalian nutrition. An 
impressive number of growth factors, later 
shown to be required by higher forms, have 
been isolated and then identified through 
microbial studies. Bacteria and fungi have 
become exceedingly valuable “reagents” for 
ihe quantitative measurement of a long list 
of nutrients. It seems therefore entirely 
fitting to record here an important study of 
the culture of tubercle bacilli by R. J. Dubos 
and B. D. Davis (J. Exp. Med. 83, 409 
(1946)). 

The tubercle bacillus is one of the least 
exacting of the pathogenic organisms, since 
it will grow abundantly on simple mediums. 
However, the rate of growth is slow and, as 
usually cultured, there appears to be a large 
proportion of dead cells mixed with the 
viable ones. Furthermore, it is usually 
necessary to use rather large inoculums to 
obtain growth. Hence an improvement in 
culture conditions appears to be desirable 
on practical grounds, and the nature of 
possible growth enhancing substances would 
be of general interest. 

Egg yolk has been recognized for years as 
a favorable medium for the growth of myco- 
bacteria, and at least part of its benefits have 
been shown to derive from its phospholipid 
content. R.J. Dubos (Proc. Soc. Exp. Biol. 
Med. 58, 361 (1945)) found that certain 


synthetic water soluble lipids are even mure 
effective than phospholipids in promoting 
growth. Dubos and Davis have now 
studied a series of synthetic water soluble 
detergents. The compounds used were 
polyoxyethylene derivatives of various fatty 
acids. In some cases sorbitan was also 
incorporated in the compound. Thus both 
fat soluble and water soluble groups would 
be well represented in the same molecule. 
Those detergents containing oleic acid were 
found to be particularly stimulatory, those 
containing lauric or palmitic acid were in- 
hibitory, and those containing stearic acid 
gave variable results. 

Although the oleic acid detergents greatly 
stimulated the growth of large inoculums of 
tubercle bacilli (particularly an avian strain), 
growth with small inoculums was only mod- 
erately improved. When serum albumin 
(either bovine or human) was substituted for 
the detergent, there was little enhancement 
in growth rate but small inoculums were 
stimulated to grow. By combining albumin 
with an oleic acid detergent, both large and 
small inoculums grew abundantly. Mention 
was made that free oleic is toxic to the or- 
ganism even in minute quantities, but that 
this toxicity is overcome by serum albumin. 
The authors suggest that serum albumin acts 
as a growth promoter by protecting the cells 
from harmful trace substances. Albumin 
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can combine with many substances, harmful 
or otherwise, and this capacity undoubtedly 
deserves fuller investigation and exploita- 
tion. 

The detergents result in the diffuse growth 
of the microorganism throughout the me- 
dium, otherwise growth occurs as a pellicle 
on the surface. This change is probably 
attributable to the “‘wetting” properties cf 
the added compounds which permit the 
waxy crganisms to beccme dispersed through 
the liquid. It is not clear whether this 
effect is responsible in whole or in part for 
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the more abundant growth. The implica- 
tion, however, is that the oleic acid is actu- 
ally utilized by the microorganism, but must 
be administered in a nontoxic form. 

The growth enhancing effects of lipids 
have been a source of difficulty in micro- 
biologic assays. The lipids in natural 
materials have given an irregular growth 
stimulation which has been an annoyance 
rather than a virtue. These water soluble 
lipids might provide a reproducible and 
hence useful adjuvant to present assay 
mediums. 


ACCURACY OF HEMOGLOBIN DETERMINATIONS 


Earlier reviews have called attention to 
several necessary precautions in the collec- 
tion and interpretation of data on hemo- 
globin levels as estimates of nutriture 
(Nutrition Reviews 3, 202 (1945); 4, 154 
(1946)). The importance of employing 
carefully standardized precedures and ap- 
paratus, of recognizing the limitations of the 
chesen method, of care in securing the blood 
sample, of existing persona] bias within 
different laboratories, and of the many fac- 
tors to be considered in the presentation 
and interpretation of data have been em- 
phasized. A critical study and review cf 
the accuracy of hemoglobin determinations 
made on finger tip blood (D. G. Wiehl, 
Milbank Memorial Fund Quart. 24, 5 (1946)) 
has now appeared. As an example of the 
application of statistical reasoning to the 
analysis of a laboratcry method, this paper 
is worthy of careful reading by investigators 
concerned with testing of clinical laboratory 
procedures. 

The data reported by Wichl are for hemo- 
globin values of finger tip blood. The de- 
terminations were made by two technicians 
by the oxyhemoglobin procedure employing 
an Evelyn photoelectric colorimeter. The 
subjects were 63 employed women and six 
examinations each were made at approxi- 
mately six month intervals. Except for 





the first examination, determinations were 
made on samples of blood obtained from 
both the right and left hands. A critical 
analysis of errors and bias showed a slight 
but consistent mean difference (0.016 to 
0.159 g. per 100 ml.) between the two hands. 
This bias, in favor of the hand first used, was 
considered to be due to traces of moisture 
in the pipet which was used for both de- 
terminations and cleaned between samples. 
This is an example of systematic bias in a 
method which may escape detection without 
careful scrutiny. 

Any observed difference between two 
hemoglobin estimations for the same in- 
dividual at a given time is the result of this 
systematic bias plus the accidental error of 
each of the determinations. The sources of 
the accidental error were enumerated as 
variations due to blood sampling and its 
measurement, turbidity in the sample, im- 
perfectly cleaned colorimeter tubes, or in the 
performance or reading of the galvanometer. 
After subtracting the bias error, the standard 
deviation for error of accidental variation of 
a single hemoglobin determination by the 
finger prick method was computed to be 
0.17 g., ie., a hemoglobin value on finger 
prick blood was accurate within plus or 
minus 0.17 g. in two out of three times and 
within 0.35 g. in ninety-five out of one 
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hundred times. This accidental error of 
0.17 g. was about 1.3 per cent of the mean 
hemoglobin Jevel as measured, and a single 
hemoglobin estimate was unlikely to differ 
from the true value by more than 5.2 per 
cent. 

The sampling error of the finger prick 
technic was determined by comparison with 
the error on subsamples of venous blood. 
This error was found to be approximately 
0.7 per cent, or that the sampling could be 
expected to be accurate within +0.19 g. 
per cent of hemoglobin in ninety-five out of 
one hundred times. 

Another calculation is shown which dem- 
onstrates that the standard errors for a 
single determination, for duplicate deter- 
minations on one specimen of blood, and 
for duplicate determinations on separate 
samples are 0.174 g., 0.140 g., and 0.123 g. 
respectively. It was concluded that the 
slight increase in accuracy resulting from 
the use of independent samples from two 
fingers does not seem worth while. 

Separate analyses of the data collected by 
the two technicians revealed evidence possi- 
bly indicative of systematic bias due to a 
personal factor in the technic of one of the 
technicians, a factor which was constant 
within a given period but varied from one 
examination period to another. In the 
analyses of the data leading to this conclu- 
sion the assumption has been made that the 
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mean hemoglobin level of the women did not 
fluctuate over a three year period. It is 
pointed out that such a personal factor, if 
undiscovered, may lead to a systematic bias 
in data leading to erroneous conclusions. 
The caution enjoined here emphasizes the 
necessity of differentiating between statisti- 
cally significant differences and physiolog- 
ically significant differences in the inter- 
pretation of data. As Professor Sherman 
so aptly expressed “... always it is to 
be remembered that, in the interpretation 
of the data of nutrition research, statistical 
analysis is an important aid to, not a sub- 
stitute for, good judgment” (H. C. Sherman, 
“Chemistry of Food and Nutrition,” Fourth 
Edition, p. 573, New York (1932)). 

The author of this report reviews the data 
comparing venous and cutaneous blood. 
Although she criticized certain statistical 
procedures which have been employed in the 
analyses of published data, she arrives at the 
general conclusion that red cell counts and 
hemoglobin values may be very slightly 
lower on venous blood than on eapillary 
blood, but the differences in adults are un- 
important for most clinical purposes. How- 
ever, Within the first three weeks of life 
(M. I. Andresen and E. R. Mugrage, Am. 
J. Clin. Path. 8, 46 (1938)) or in pernicious 
anemia (W. W. Duke and D. D. Stofer, 
Arch. Int. Med. 30, 94 (1922)) this difference 
may be important. 


ESSENTIAL AMINO ACIDS IN MILK PROTEINS 


The accumulation of greatly needed in- 
formation on the amounts of the indispens- 
able amino acids in foodstuffs has been 
accelerated by the applicability of micro- 
biologic assay methods to the analysis of 
protein (Nutrition Reviews 2, 154 (1944); 
4, 113 (1946)). Data on milk are particu- 
larly valuable because of its widespread use 
in the dietaries of infants and patients and 
in rations of experimental animals. The 


analyses of cow’s milk by R. J. Block and D. 
Bolling (Arch. Biochem. 3, 217 (1943-44)), 
by M. B. Williamson (J. Biol. Chem. 156, 47 
(1944)), and by J. L. Stokes, M. Gunness, 
I. M. Dwyer, and M. C. Caswell (Ibid. 160, 
35 (1945)) have now been augmented by 
those of A. Z. Hodson and G. M. Krueger 
(Arch. Biochem. 10, 55 (1946)) who have 
determined the essential amino acids in six 
samples each of fresh, evaporated, dry whole, 
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and dry skimmed milk. Lactobacillus 
arabinosus 17—5 was used as the test organism 
for isoleucine, valine, and tryptophane; 
Streptococcus faecalis R for arginine, leucine, 
and threonine; and Leuconostoc mesen- 
teroides P-60 for histidine, lysine, phenylala- 
nine, and methionine. Tyrosine was also 
determined by the use of the latter organism. 

Hodson and Krueger’s results for fresh 
milk agree well with those of Stokes et al. 
who also used the microbiologic method. 
Comparison of these data with those ob- 
tained by Block and Bolling and by William- 
son using chemical procedures indicates that 
the two types of analyses do not yield identi- 
cal values. In general, the chemical deter- 
minations of amino acids in milk proteins 
show higher levels of arginine, histidine, 
leucine, methionine, phenylalanine, threo- 
nine, and tryptophane and a lower level of 
valine. The difference is most striking with 
leucine, the microbiologic value being ap- 
proximately 60 per cent of the chemical 
value. This discrepancy in the determina- 
tion of the leucine content of fresh milk is 
also evident in the analysis of casein by the 
two procedures. The microbiologic data of 
Hodson and Krueger, of Stokes et al., of F. 
J. Ryan and E. Brand (J. Biol. Chem. 164, 
161 (1944)), and of B. S. Schweigert, J. M. 
McIntire, C. A. Elvehjem, and F. M. Strong 
(Ibid. 165, 183 (1944)) show leucine values 
between 9.6 and 9.9 per cent, whereas the 
value of Williamson, obtained by chemical 
analysis, is 14.4 per cent. Results of earlier 
chemical determinations cited by Schweigert 
et al. vary from 9.4 to 14.8 per cent. It is 
improbable that these differences are due to 
variations in the individual specimens of 
casein which have been subjected to analysis. 
There is no reason to doubt that this failure 
of the biologic and chemical methods to yield 
comparable results will be overcome as both 
methods are improved. The difficulties in 
the chemical determination of most of the 
amino acids are well known and there are 
also sources of error in microbiologic assays 


(Nutrition Reviews 3, 304 (1946)). For in- 
stance, the methionine value of milk, as re- 
ported by both Hodson and Krueger and by 
Stokes et al., is lower than the value calcu- 
lated from the methionine content of milk 
proteins. Whether this result is due toa loss 
of methionine in the preliminary hydrolysis 
of milk protein in the presence of lactose and 
milk fat is uncertain. 

No effect of processing of milk was evident 
in Hodson and Krueger’s study, except with 
lysine. The average content of this amino 
acid in evaporated, dry whole, and dry 
skimmed milk was 83, 91, and 93 per cent, 
respectively, of that in fresh milk. The 
significance of these results is doubtful since 
the range of variation in the six samples of 
fresh milk was approximately + 10 per cent. 
However, in separate experiments it was 
observed that heating the milk at 116 to 
118°C. for fifteen and sixty minutes reduced 
the lysine content 11 and 26 per cent respec- 
tively. The deleterious effect on nutritive 
value of prolonged exposure of protein to 
high temperatures has been recognized by 
many investigators, and specific damage to 
lysine and histidine resulting from heating 
casein at 140°C. for thirty minutes has been 
demonstrated by E. O. Greaves, A. F. Mor- 
gan, and M. K. Loveen (/. Nutrition 16, 
115 (1988)). This possibility of a decrease 
in biologic value due to the heat processing 
of foodstuffs needs to be kept in mind, es- 
pecially in quantitative assay procedures, 
but the probability of a significant change in 
the value of the proteins of milk as a result 
of pasteurization is slight. 

In general, the agreement between chemi- 
cal and microbiologic measurements of essen- 
tial amino acids supplied by milk protein is 
surprisingly good and the published analy- 
tical data permit a fair approximation of the 
quantities of these nutrients, except possibly 
leucine, in the milk component of dietaries. 
Although the precise characterization of 
natural food proteins in terms of the indis- 
pensable amino acids appears reasonably 
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certain in the near future, this goal has not 
yet been achieved. It is highly desirable 
that these analyses include all amino acids, 


be. 
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especially those such as cystine and tyrosine, 
which may substitute in part for indispens- 
able amino acids. 


FOLIC ACID IN RAW AND COOKED MEATS 


Microbiologic estimations of the folic acid 
content of raw and cooked meats indicate 
that 50 to 90 per cent of the vitamin disap- 
pears during cooking. The earlier experi- 
ments of V. H. Cheldelin, A. M. Woods, and 
R. J. Williams (J. Nutrition 26, 477 (1943); 
Nutrition Reviews 2, 224 (1944)) showed that 
46 to 95 per cent losses occurred in cooked 
beef, beef heart, pork, bacon, ham, veal, 
mutton, chicken, and fish. Little destruc- 
tion was observed in cooked beef liver. 
Solubilized liver was used as a standard in 
these determinations. Losses of the same 
magnitude have been reported by B. S. 
Schweigert, A. E. Pollard, and C. A. Elveh- 
jem (Arch. Biochem. 10, 107 (1946)) who 
noted that roasting, stewing, or braising veal, 
pork, and lamb cuts decreased the folic acid 
content 73 to 92 per cent if assayed with 
Streptococcus faecalis and 54 to 90 per cent 
if assayed with Lactobacillus casei. A loss 
of 35 per cent occurred during the curing of 
ham. Losses in liver were not determined. 
In these analyses crystalline vitamin Be was 
used as a standard. Samples of meat were 
first homogenized and incubated with taka- 
diastase for twenty-four hours at pH 4.5 to 
liberate folic acid from its combined forms. 
No evidence of loss during several weeks 
storage at —4°C. was observed. 

The Wisconsin workers reported the fol- 
lowing vitamin Be levels in meat (micro- 
grams per 100 g.) as determined by S. faecalis 
assays: veal and beef cuts, 14 to 33; lamb and 
pork cuts, 7 to 14; veal, beef, and pork liver, 
39 to 150; veal and beef kidney, 30 to 43; and 
veal heart and beef brain, 11 to 13. LL. casei 


assays gave lower values for muscle and the 
same or higher values for liver, kidney, and 
brain. These values are somewhat lower 
than those obtained by Cheldelin et al. 

The data on instability during cooking 
place folic acid in the same group as thia- 
mine, biotin, pyridoxine, inositol, and panto- 
thenic acid, all of which are more easily 
destroyed than riboflavin, niacin, or choline. 
However, final decision on the question of 
whether folic acid is actually destroyed by 
the cooking of meat must await the measure- 
ment of its availability in cooked products 
in animal experiments. The observed dif- 
ferences in assays with 8. faecalis and L. 
casei, the stability of the vitamin in cooked 
liver, and its known occurrence in combined 
forms in which it is not effective in micro- 
biologic assays suggest the possibility that 
folic acid in meats, other than liver, may be 
converted by heat treatment into a com- 
pound which is not utilized by test organisms 
before or after hydrolysis with takadiastase 
but which may be utilizable if subjected to 
digestion in the alimentary tract of man or 
animals. 

The destruction of “B-vitamins” during 
the cooking of meats (Nutrition Reviews 1, 
281 (1943); 2, 6 (1944); 4, 61 (1946)) may 
have serious consequences in many human 
dietaries. The possibility that cooked 
meats supply little folic acid re-emphasizes 
the desirability of the evaluation of the nu- 
tritive importance of foodstuffs on the ‘as 
eaten’”’ as well as on the uncooked or “as 
purchased” basis. 
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NOTES 


Letter to the Editor 


Dear Sir: 

In the February issue (Nutrition Reviews 
4, 52 (1946)) there is a review of our article 
which appeared in Arch. Int. Med. 76, 63 
(1945)) concerning the action of powdered 
stomach in malnourished infants. You 
remark as follows: 

« _. Gillman and Gillman, on the basis 
of clinical experience with malnourished 
children as well as experimental produc- 
tion of such lesions in rats fed on maize- 
meal porridge and sour milk ration, are 
inclined to attribute the lesions to vitamin 
B-complex deficiency.” 

This is actually a misinterpretation of our 
statement in the above mentioned paper 
which reads as follows: 

“Judging from clinical and experimental 
evidence, we are of the opinion that 
steatorrhoea can be initiated by a dietary 
imbalance and is not necessarily due to a 
disturbance in absorption of fat. Experi- 
mentally, we have demonstrated that rats 
fed on mealie pap and sour milk commonly 
have cystic changes of the pancreas similar 
to those described and portrayed by 
Andersen in children. In our dietary 
experiments the rats were also found to 
have fatty livers. Whereas Andersen was 
unable in her human subjects to ascertain 
the sequential relations between fatty 
liver and the pancreatic lesion, we can 
state with assurance that in rats the fatty 
liver precedes by many months the cystic 
changes in the pancreas.” 

We did not imply that the lesions are 
attributable to vitamin B deficiency but 
believe that in our animals the pancreatic 
lesions follow the damage to the liver re- 
sulting from the unsatisfactory nature of the 
diet. We are not prepared, at this stage, to 
attribute the lesions in our experimental 


animals to any lack of any particular con- 
stituent from the diet. 
JOSEPH GILLMAN, 
University of the Witwatersrand, 
Johannesburg, South Africa 


Bread as Food for Man 


A recent number of the Proceedings of 
the Nutrition Society (4, 7 (1946)) includes 
a full report of a conference on the various 
aspects of bread as a food, held at the 
London School of Hygiene and Tropical 
Medicine. Brief but complete and authori- 
tative papers were presented by eight or 
more speakers. Many important questions 
were raised and discussed informally by 
the members of the Conference. The report 
contains much timely information. 


“Nutriture”’ 


The word “nutriture” is an obsolete 
term which is defined by the Oxford Eng- 
lish Dictionary as “condition as to nourish- 
ment.” This word has been revived by 
Dr. H. M. Sinclair of the Oxford Nutrition 
Survey and has been proposed by W. J. 
Dann and W. J. Darby (Physiol. Rev. 25, 

26 (1945)) as a useful synonym for “‘nutri- 
tional status.” 


Diet and Tuberculosis 


A symposium on diet and tuberculosis is 
included among the subjects reported in 
the Proceedings of the Nutrition Society 
(3, 155 (1945)). Participants were nutri- 
tion and infectious disease experts of Great 
Britain. A valuable aspect of these reports 
is the informal discussion by the members of 
the Conference after the presentation of 
formal papers. 


Stigmas, Symptoms, and Therapy of 
Vitamin Deficiencies 


The Council on Foods and Nutrition of 
the American Medical Association has 
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compiled a brief syllabus of presumptive 
signs and symptoms of seven vitamin 
deficiencies and has suggested therapeutic 
dosages of the respective vitamins (J. Am. 
Med. Assn. 131, 666 (1946)). Although 
the outline is said to represent ‘‘a consensus 
of current views” it is evident from the 
literature that the question of diagnosis of 
deficiency states, especially mild deficiency 
states, from “specific” signs and symptoms 
is so controversial that there can scarcely be 
a consensus. The report takes cognizance 
of this controversy by a number of qualifying 
statements such as ‘“‘the subject is in a stage 
of fluidity and development which will 
probably necessitate early revision or ampli- 
fication” and ‘‘not many of the stigmas 
listed are diagnostic of a vitamin deficiency 
in themselves, but the occurrence of several 
of these stigmas in association is at least 
presumptive evidence of some nutritional 
failure.”” The suggested daily therapeutic 
dosages of the several vitamins are five to 
ten times the daily allowances recommended 
by the Council on Food and Nutrition of 
the National Research Council—and would 
seem to be reasonable. 
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The outline furnishes a concise list of 
signs which have been attributed to de- 
ficiencies of vitamin A, thiamine, riboflavin, 
niacin, ascorbic acid, vitamin D, and vitamin 
K, and as such should be useful. In most 
instances it has been proved that the given 
signs can occur in the respective specific 
deficiency states. Controversy arises as 
to whether the milder signs result with 
sufficient frequency from non-nutritional 
causes so as to give them little diagnostic 
value. This question might be resolved 
ultimately through collateral studies of 
dietary intakes, therapeutic tests, and chemi- 
cal analysis of blood, urine, and tissue 
biopsies. 


Recent Nutrition Books 


Better Living. Material collected by G. 
Marian Young. Project in Applied Eco- 
nomics, College of Education, University 
of Florida, Gainesville, Florida. 1946. 
Pp. 142. (Price: $1.00.) 

Iodine Facts—World Goitre Survey. Pre- 
pared by the Iodine Educational Bureau, 
Stone House, Bishopsgate, London, E. C. 
2. 1946. Pp. 222. 
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| THE NUTRITION FOUNDATION 


The Nutrition Foundation was organized by food and related manufacturers in December, 1941, 
as @ sincere expression of their interest in scientific progress and human health. The basic pur- 
poses of the Foundation are; (1) the development of a comprehensive program of fundamental 
research, providing basic information in the science of nutrition; and (2) the support of educational 
measures that will assist in making the science of nutrition effective in the lives of present and 
future generations. 


The Foundation functions chiefly through grants-in-aid in support of research in university and 
medical centers where there are facilities for'research in the basic sciences and public health. 


_ The entire program is one of public service. The funds of the Foundation are obtained through 
voluntary contributions from founder and sustaining members and donors. All member contribu- 
tions are made on a five year basis so that the Foundation ean be assured of support for at least 
five years in planning its program. Grants are normally made twice each year, to become available 
on January Ist or July Ist. 


The Board of Trustees, the governing body of the Foundation, consists of representatives of 
contributing members and representatives of the general public. : 


BOARD OF TRUSTEES 
*Kart T. Compron, Chairman 
President, Massachusetts Institute of Technology 
~ *Cason J. Catuaway, Vice Chairman 
Hamilton, Georgia 
*Huas O’Donneg.1, Vice Chairman 
President Emeritus, Notre Dame University 


Joszrn F.Assort, President, Raurn Ha Vice President, R. A. Ropentgon, Vice President 
A Sugar Refining Co. The Coca Cola Co. George Weston, Limited ’ 
Juste @. Anan, Previdest, Huwny J. Hares Il, President, : 






Brack. . 
Can Co. Scumbeies. Prete 
Fed ed Non iles My James E + bes General M Curtiss Candy Company F 
bag : my ate *Groresz A. SLo : 
Knor Gelatin Co., Inc. trition Found AN, President of the Nu- 






. 8. Department 
Frep . President Cuan.es L. Wrern, President, 

a of Wisconsi eae tebe i Red Star Yeast and Products Co. 

University of Wisconsin Bowman Company < ; 
FPranx Genser, Chairman Parmur W. Prissury, President, *Sreruen 8. Wise, Rabbi, 
; —— va Co. : one’ a Inc. ow ho . 

urvs C. Harris, President, nonce V. ans, Director, . Ziwsmasrer, President, 

Tulane University ’ California Packing Corp. Zinsmaster Baking Co. 





Owe Saurue, Secretary 
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* Asterisk (*) indicates Trustees as representative of the public. 
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The publication of NUTRITION REVIEWS has been.undertaken to enable pro- 
feasionally trained people to keep abreast of current progress, and to have available 
an unbiased, authoritative review of the current research literature in the sciense 
of nutrition. 

The Editorial Staff has been earefully selected so that the publication will merit 
in reasonable degree, the confidence of the medical profession and others who work 
directly with the public in the field of nutrition. ‘The service provided by the 
publication is distinct from that of an abstract journal, a review for laymen, or 
an extensive scientific review. Since the reviews as originally prepared by a 
member of the Editorial Staff are frequently modified by special referees and may 
be further modified by the Editorial Office in preparing final eopy for the press, 
the Editorial Committee feels that it is preferable not to affix the names of Edi- | 
torial Staff members to individual reviews. There is thus a high degree of group 
responsibility on the part of the Editor and Assistant Editors. 

Signed articles do not necessarily represent the opinion of the Editorial Staff. 








